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THE EARLY IDENTIFICATION OF ACADEMIC SUPPORT NEEDS 
OF FIRST YEAR UNIVERSITY ENGINEERING DRAWING STUDENTS 
IN A MULTICULTURAL SOCIETY 
ABSTRACT 
Batteries of exercises requiring visualization in three dimensions were 
administered to more than 900 freshmen engineering students at the 
University of Cape Town in 1983, 1984 and 1985, and at the Cape Technikon 
in 1985. They were found to be consistently powerful predictors of 
performance in the midyear and final first year engineering drawing 
examinations. 
The cultural populations under consideration consisted of students 
classified by statute as "Black", "White" and "Coloured". By law most 





Cultural differences existing between etnnic groups tend 
by these three different education systems and by 
socio-economic classes which tend to be distributed along racial lines. 
Although individual students with gross spatial disabilities were 
identified in all three ethnic groups, the cross-cultural study carried 
out in this investigation illustrates the significant differences in the 
mean performances 
systems both in 




of students emerging from the three different education 
the spatial batteries and in the first year engineering 
UCT. These differences are discussed in terms of 
educationally disadvantaged backgrounds and cultural 
The spatial batteries were found to be the best predictors of engineering 
drawing examination results at tertiary level irrespective of cultural 
group, and are proving to be particularly useful for identifying students 
urgently in need of special academic support in engineering drawing right 
from the commencement of their course. 
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C H A P T E R 0 NE 
THE ORIGINS AND CONTEXT OF THE RESEARCH 
1.1 INTRODUCTION AND STATEMENT OF THE PROBLEM 
During recent years lecturers in engineering drawing at several South 
African universities have become concerned about the obvious 
difficulties experienced by so many students during their first year 
mechanical engineering drawing course. Van der Merwe (1983: 1), for 
example, has remarked:-
"These difficulties seem to relate to a lack of ability to 
visualise the third dimension in the conventional two-dimensional 
representation of engineering objects as well as to deficiencies 
in elementary· reasoning. The difficulty with spatial perception 
has become more apparent as the number of students having 
disadvantaged backgrounds has increased". 
At the University of Cape Town, too, the studies of Rochford (1984) 
into the attainment of spatial concepts by university science students 
have attracted the active attention of the Department of Mechanical 
Engineering. 
It has become important and necessary to develop methods for 
identifying university engineering students needing special attention 
early enough for remedial work to be effective within the first year, 
thus reducing failure and repetition of engineering drawing in· the 
following year. It is felt that if the students have not attained a 
certain level of proficiency in engineering drawing by June, little is 
to be gained by completing the course and writing the end-of-year 
examination. Timely identification is, therefore, imperative. 
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In an investigation into the factors associated with success in an 
engineering drawing and design course (EAD 1) at the University of the 
Witwatersrand, Taylor (1980) reported that the ability to comprehend 
spatial relations varies across a wide spectrum. Spatial ability did 
not appear to be strongly related to the results of any of the common 
Matriculation subjects. He found that EAD 1 results could be 
substantially predicted by using the results of standard pencil and 
paper tests of spatial ability - the H-test and the BLOX test. This 
method has been used by Potter and van der Merwe (1984) to identify 
the most appropriate candidates for their special EAD course described 
in Chapter Two. 
Blade and Watson (1955) found good correlations between the NFER* 
Spatial Test 1 and the performance in an engineering drawing 
examination written three years later~ 
Marsicano (1975) concluded that the traditional combination of high 
school results and verbal and mathematical scholastic aptitude tests 
could be improved by including spatial perception and abstract 
reasoning tests in the battery used to predict academic success in 
engineering- technology at Pennsylvania State University. 
In an attempt to predict the academic success of first year 
Cl 
engineering students at the University of Durban-Westville (using 
Matriculation results and several psychometric tests), Behr (1982) 
found that the Gottschaldt Figures Test showed significant 
correlations with engineering drawing. 
* National Foundation for Educational Research (Britain). 
/ 
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Research conducted at other universities reveals that the disturbing 
number of failures occurring in the engineering course by students who 
cope with all subjects except those involving aspects of engineering 
drawing and design is not a phenomenon peculiar to the University of 
Cape Town (Taylor, 1980; van der Merwe, 1983). 
Furthermore, worldwide research points to the fact that spatial 
ability can be taught, and that spatial ability improves with 
experience and with exposure to conducive environments. Remedial 
academic support 
Merwe, 1984) 
has shown successful results. (Potter and van der 
The research undertaken by Blade and Watson (1955), Daws9n (1967), and 
Behr (1982) confirms that spatial ability can improve with instruction 
at university level. 
The University of 
National Institute 
the Witwatersrand, working in conjunction with the 
of Personnel Research (Taylor, 1980), conducted 
research which culminated in the development of a special course in 
Engineering Analysis and Design (EAD) which was given to students 
identified as requiring academic support in 1981. Whereas in previous 
years 50% to 60% of first year engineering students passed EAD at the 
University of the Witwatersrand, in 1981 the pass rate rose to 90%. 
(Potter and van der Merwe, 1984). 
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Many cross-cultural studies of spatial ability have been carried out 
during the 
Africa was 
past forty years. One of the earliest studies in South 
done by Hudson (1960; 1962) wh0 concluded from his tests 
of depth perception carried out on White, Coloured, Black and Indian 
samples that cultural experience and not educational standard was the 





levelled at Hudson over the years for the way in which he 
these early experiments, but evidence emerging from 
research has highlighted particular difficulties with 
visualisation encountered by students from non-Western 
cultures, or from non-industrialised nations. 
Sinha and Shukla (1974 : 435) observed that "research trends point to 
the importance of the child's environment which provides the 
experiential basis for the acquisition and proper development of 
various cognitive skills". More specifically, language and 
socio-economic level have a great impact on the development of spatial 
ability. 
The African languages spoken by Black students at home and in which 
they receive instruction for the first half of their primary 
schooling, do not always provide an adequate base for describing the 
spatial 
nor the 
environment scientifically. Neither the technical concepts 
technical vocabulary is available in the mother-tongue. The 
fact that Black 
careers and may 
that they have 
students are taught in English later in their school 
appear to be fluent in this language, does not imply 
the depth of comprehension necessary to successfully 
cope with scientific and engineering studies (Kemp, 1983). 
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Low socio-economic levels may result in various kinds of deprivation. 
In 1974, Sinha and Shukla showed that an impoverished environment with 
minimal opportunity for interaction with adults and the outside world, 
very few toys or picture books and monotonous and homogeneous 
surroundings were associated with a strong detrimental effect on the 
development of pictorial depth perception of children aged four to 
six-and-a-half years. 
Well-illustrated childrens' books,· technical toys such as Meccano, 
Lego, model-building, chess and jigsaw puzzles - seen as significant 
in the development of good spatial ability (Kemp, 1983) - are rarely 
available in impoverished homes. 
Black engineering students represent sectors ·of the South African 
community where the home environment is disadvantaged and where 
educational facilities are limited (van der Merwe 1983), thus few of 
these students experience exposure to commerce and industry and 
therefore acquire neither the technical vocabulary nor an awareness of 
the relevance of their studies which is vital for success (Kemp, 
1983). 
In the light of the above, the necessity for an investigation at the 
University of Cape Town of academic support needs for engineering 
drawing students along cultural lines is self-evident. 
-~ 
The provision 
of effective remedial courses and assistance for first year students 
whose preparation for university is incomplete because of an 
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inadequate schooling or other reasons of a "cultural" nature, may be 
extremely important. At the same time it is realised that the problem may 
occur among individual students of all cultures, but that some groups as a 
whole may be more significantly disadvantaged than others. 
1.2 PURPOSE OF THE STUDY 
It appears that many students, for a variety of reasons, have 
difficulty visualizing in three dimensions. Many fail the ME102 
engineering drawing examination at the University of Cape Town, 
apparently unable to acquire fully the insight and spatial ability 
required to represent concepts visually in diagrams and drawings 
during the normal presentation of the first year drawing course. 
This investigation aims to answer the following questions: 
1. Can most potential failures of engineering drawing at the 
University of Cape Town (UCT) be identified at the commencement 
of their courses - in time for remedial academic support measures 
to be effective? 
2. What is the optimum design of a diagnostic test used to measure 
important aspects of spatial ability which are relevant to first 
year engineering drawing students? 
3. What is the optimum combination of measures (spatial and 
non-spatial) which may be used, to predict performance in the 
engineering drawing examination at UCT? 
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4. Is there a significant difference in the performance of students 
originating in the different official education systems provided 
by law for each cultural group in South Africa, with respect to 
s. 
(a) Spatial battery results 
(b) June (midyear) engineering drawing results 
(c) November (year-end) engineering drawing results? 
Will· the Spatial battery 




the best predictor 
at UCT irrespective 
of 
of 
6. Do the Shell Bursary* students perform significantly better in 
the Spatial battery and in the engineering dra~ing course than 
their peers of the same cultural group? 
* The Shell Bursary Scheme was started in 1980. Each year 
approximately 20 Non-white scholars are chosen from promising 
Matriculation candidates to be sponsored for a post-matric year 
at a private school, e.g. Michaelhouse or Diocesan College, 
followed by sponsorship for the 4-year Engineering degree at 
UCT. The 
interview 
selections are made by a committee on the basis of an 
with the scholar, his academic record and 3 NIPR tests 
including a Reasoning Ability Test and the BLOX Spatial Test. 
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7. Is there a significant difference in the performance in 
engineering drawing of students writing English as a first or as 
a second language at Matriculation level? (English taken as a 
second language at school implies that English is not the 
mother-tongue). 
8. Will the results obtained in the Spatial battery by (a) UCT first 
year engineering degree students, and (b) Cape Technikon first 
year engineering diploma students, show significant differences? 
1.3 THE IMPORTANCE OF THE PROBLEM 
There are conflicting views in the industry as to whether or not 
there is a shortage of professional engineers in South Africa at 
present. In a report published by the Federation of Societies of 




manpower in civil and electrical engineering 
are described. However, R. Heydenrych, President of. 
African Institution of Civil Engineers refutes the 
contention that there is a shortage of civil engineers in the 
country. In an interview with South African Construction World 
in May, 1985, he identified that the poor quality of recruits 
entering the profession is a worrying problem. 
There is a high demand in this country for people with engineering 
skills (whether professional engineers or technicians) and a 
competence in engineering drawing is essential in all technical areas. 
- 9 -
• 
Over the past five years at the University of Cape Town, an annual 
average of 11,2% of first year engineering students have failed to 
meet the minimum requirements for entry into second year and have had 
to leave the engineering faculty. Over the same period, an average of 
12,8% of first year engineering students have failed the final 
mechanical engineering drawing (ME102) examination. If there had been 
some way of identifying the academic support needs of these students 
and if remedial classes had been formally presented, the wastage rates 
may have been lower. Bridging the gap between school and university 
seems to be a particular problem for many first year engineering 
students. 
The importance of cross-cultural research with respect to education in 
South ·Africa is clear. Our multicultural society with different 
languages, education systems and socio-economic classes emphatically 
entrenching the differences between the various population groups, 
faces an urgent need for reform, and equality of educational provision 
is one of the most emotive and essential issues to deal with. 
Traditionally the engineering field has been dominated by the White 
male. Attempts have been made, for example, by the Anglo American 
Corporation and by Shell Oil Company, to create opportunities for 
members of other race groups to enter the profession. 
There has also been evidence of a great effort being made in the 
U.S.A. to attract Black students into engineering and engineering 
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technology programs and to provide the academic support needed. 
(Kiehl, 1971; Edmunds, 
Williams, 1981; Garay, 
1983-84). 
1974; Wilburn, 1974; 
1983; Project P.A.C.E. 
Greene, 1979; 
Final Report, 
Van der Merwe (1983) and Potter et al (1984) highlight some of the 
special academic support requirements of Black engineering students at 
the University of the Witwatersrand. Many of these students are drawn 
from disadvantaged sectors of the South African community. Homes are. 
impoverished and the education system is limited by many poorly 
qualified teachers and inadequate government funding. For example, in 
the Department of Education and Training, 15% of the teachers in Black 
schools have no qualifications, and 65% have only a standard eight 
school leaving certificate plus two years at training college 
(Corporate Responsibility : Management, April 1985, pgs 36 - 38). 
Research carried out throughout the . world indicates that there are 
cultural differences in visual perception and pictorial conventions. 
(Poole, 1969; Coppen, 1970; Nicholson, 1974; Bermingham, 1976; 
Alonge, 1977; Mitchelmore, 1980). These perceptual differences have 
educational implications as pointed out by Hudson (1960, 1962, 1967); 
Berry (1966); Coppen (1970); Macrae (1974); Nicholson (1974) and 
Bishop (1979). 
Deprivation stemming from socio-economic factors may have a 
detrimental influence on the acquisition of spatial abilities (Sinha 
and Shukla, 1974). 
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There is also evidence that language poses a problem. Black scholars 
in South Africa are taught in English by teachers who are themselves 
using a second language. Kemp (1983) notes that in the early years of 
the Wits-Anglo cadet scheme; one of the most important and difficult 
challenges was the development of competence in technical vocabulary 
and verbal comprehension by the students. 
The number of Black Matriculated scholars is expected to exceed the 
number of White Matriculated scholars by the 1990t's. If the present 
circumstances continue, universities must cope with increasing numbers 
of disadvantaged students whose home and education backgrounds have 
not adequately prepared them for the standard of work required from a 
first year student. 
The question of the identification of students with special academic 
support needs and the design of effective ways of providing such 
support at university level will become increasingly important in the 
future, and may even differ uniquely from one university and technikon 
to another. It is in this context that the.present invest~~ation 
should be viewed. 
1.4 HYPOTHESES 
The hypotheses tested in this investigation are as follows:-
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1. That achievement in the mid-year (June) and final (November) 
engineering drawing examinations (ME102) is significantly related 
to total scores obtained in pencil and paper tests of spatial 
ability given on or before the commencement of the programme of 
lectures. 
2. That the spatial battery scores contribute more significantly to 
the variance in the engineering drawing examination marks than 
the Matriculation mathematics results, the Matriculation 
aggregate, and the Spargo physical science test, i.e. that the 
spatial batteries will be the single most powerful predictors of 
performance in engineering drawing. 
3. That the spatial batteries are the single most 
predictors of . performance in engineering drawing 
irrespective of the cultural group of the sample. 
powerful 
at UCT, 
4. That there is a significant difference in the performance of 
students originating in the different education systems provided 
for each cultural group, with respect to: 
(a) Spatial battery scores 
(b) June (mid-year) engineering drawing results, and 
(c) November (year-end) engineering drawing results. 
5. That the Shell Bursary students perform significantly better than 
their peers of the same cultural group in both the Spatial 
battery and the engineering drawing course. 
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6. That those students taking English as a first language at 
Matriculation level perform significantly better at engineering 
drawing than those who take English as a second language. 
7. That there will be no significant difference between the 
performance of the UCT first year engineering students and the 
Cape Technikon first year engineering diploma students in the 
Problem-solving/Spatial test administered to both groups prior to 
the commencement of their programmes of lectures. 
1.5 THE SETTING FOR THE INVESTIGATION 
POPULATIONS 1, 2 and 3 
Studies were carried out on three populations of first-year 
engineering drawing students at the University of Cape Town. 
Population 1 (N = 278) in 1983 
Population 2 (N = 249) in 1984 
Population 3 (N = 214) in 1985 
The tests were administered at the commencement of engineering drawing 
laboratory sessions in March 1983, and during Freshers' week in 
February 1984 and 1985 - i.e. before any lectures began. 
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POPULATION 4 (N = 178) in 1985 at the Technikon 
In January 1985, during orientation week, the same battery used at UCT 
was given to all first year engineering diploma students at the Cape 
Technikon. 
POPULATION 5 (N = 7) in 1984 at UCT 
During 
failed 
the months of August and September 1984, 7 of the students who 
the · Spatial battery in March, but who passed the June ME102 
examination unexpectedly with first or upper-second class honours were 
re-tested and interviewed. 






of this investigation, spatial ability is defined as 
perceive, 
dimensional representations 
retain and recognise (or reproduce) three-
of objects in their correct proportions 
when they are rotated in space, translated, juxta-positioned, 
projected, sectioned, 
verbally described. 
re-assembled, inverted, re-orientated or 
Spatial orientation measures usually require the subject to rotate 
mentally a figure in two- or three-dimensional space. 
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Spatial visualisation measures generally require the subject to 
mentally restructure as well as rotate a figure in space. 
Definition of groups used in cross-cultural study 
The student population at UCT comprises members of the race groups 
classified "Black", "Coloured", "White", and "Asian". 
Each race group has its own Matriculation education authority and for 
the purposes of the cross-cultural study, the groups will be referred 
to as follows:-
The matriculation authority for Black students is the Department of 
Education and Training. This group of students will be referred to as 
"DET students". 
The Matriculation authority for Coloured students is the Department of 
Internal Affairs. This group will be referred to as "DIA students". 
The Matriculation authorities for White students are the Education 
Departments in each province. This group will be referred to as "ED 
students". 
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1.7 SUMMARY OF CHAPTER 
In summary, the aim of this work is to explore the possibility of 
providing a reliable way of identifying students whose spatial ability 
is weak and who would benefit from special academic support in 
Mechanical engineering drawing, a subject taken by all first year 
engineering students at the University of Cape Town. 
Special problems of inadequate preparation at school and the socio--
economic and language problems faced by Black students in particular 




REVIEW OF RELATED LITERATURE 
The survey of background literature has been divided into five sections: 
2.1 The spatial factor and its components 
2.2 Engineering drawing and the spatial factor 
2.2.1 Problem solving and Engineering Drawing 
2.3 Attitudes and problems of firsc year engineering students at a 
multicultural South African University 
2.4 The cultural and language aspects of spatial ability, under two 
sub-headings 
2.4.1 Cross-cultural studies 
2.4.2 The disadvantaged child 
2.5 Summary of the Chapter, and Implications. 
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2.1 THE SPATIAL FACTOR AND ITS COMPONENTS 
Until the late 1940's the mental endowment of children and adults was 
usually measured by psychological tests yielding a single index of 
intelligence such as the mental age or intelligence quotient. 
With a refinement in understanding of the nature and measurement of 
intelligence has come the recognition of distinct ability factors. 
More recently, spatial and perceptual reasoning abilities have been 
separated out from other components of intelligence. 
In an attempt to amalgamate much of the extensive literature on the 
component factors of intelligence, Ekstrom, French and Harman (1976) 
of the Educational Testing Service (ETS) produced a "Kit of 
Factor-Referenced Cognitive Tests". 
which load on 23 factors. 
This kit consists of 72 tests 
Of the 23 factors isolated in the ETS Kit, seven seem to be related to 
spatial and perceptual abilities. These are: 
1. Flexibility of closure 
2. Speed of closure 
3. Visual memory 
4. Perceptual speed 
s. Spatial orientation 
6. Spatial scanning 
7. Visualization. 
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These are important in that they off er guidance for the selection and 
inclusion of items in spatial diagnostic batteries for use with 
engineering students. 
2.2 ENGINEERING DRAWING AND THE SPATIAL FACTOR 
Blade and Watson (1955) administered two tests of spatial ability to a 
group of 90 students entering college. The tests were then 
readministered after the freshman year. They found that among 
engineering students there were significant differences in spatial 
test results between the students with the highest grades and students 
with the lowest grades at the end of the freshman year. Comparing the 
pre- (upon entry) and post- (after freshman year) spatial test results 
they report that engineering students showed significantly greater 
gains than non-engineering students. This was tentatively attributed 
to a spatial training effect associated with engineering studies. Low 
scores on the spatial visualisation test did not necessarily indicate 
lack of aptitude, but merely lack of related experience. 
In a study of 11 - 13 year-old pupils admitted to the Technical School 
in Middlesborough in 1950 and 1951, Smith (1960) found that NFER 
Spatial Test 1 scores correlated 0,62 with performance in an 
engineering drawing examination written three years later, and that 
Moray House Space Test 1 scores correlated 0,41 and 0,30 with 






evaluated tests which can be used for predicting 
in engineering technology at Pennsylvania State 
concluded that · the traditional combination of high 
school results and verbal and mathematical scholastic aptitude tests 
can be improved by including spatial perception and abstract reasoning 
tests in the predictive battery. 
Bermingham (1976) undertook an investigation into cultural variation 
in spatial and mechanical reasoning in first year B Sc (Hons) 
engineering students during a ten-year period at an English college of 
Technology. There appeared to be a marked difference in spatial 
ability - defined as the ability to visualise concrete objects, and to 
manipulate those ;visualisations between students originating from 
Britain, and those originating from the South East Asian countries. 
Although it has been well established that there is no evidence of 
correlation between spatial ability and general intellectual capacity, 
it was clear that weakness in the former was a severe handicap in 
studying engineering subjects. (Further references to cross-cultural 
studies of spatial ability in general are made in section 2.4.1 
below). 
In an investigation into the results of a first course in engineering 
drawing at the University of the Witwatersrand, Taylor (1980) of the 
National Institute of Personnel Research used stepwise multiple 
regression equations to establish that the best combinations of 
predictors in his study consisted of three tests: the DRAT, the BLOX 
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and the H test. The Deductive Reasoning Ability Test (DRAT) is a 
non-spatial test of logic and inference, but the BLOX test is spatial 
and consists of items which require the respondent to study a 
particular configuration of cubes, and to identify the same 
configuration of cubes seen from a different view. In the H test, 
which is also spatial, each question consists of a geometric figure 
which has to be imagined as an object that can be bent or rolled into 
a 3-D model. 
Taylor {1983) also initiated a study in order to assist those 
interested in the accurate identification of potential engineering 
technicians from the Black population group in South Africa. The best 
single predictor for Pre-Tech drawing was the BLOX test. 
In their Draft Report on the Special EAD course, Potter and van der 
Merwe (1982) described an intervention in engineering education at the 
University of the Witwatersrand, prompted by the results of the NIPR's 
research carried out by Taylor (1980) described above. It was thought 
that the low levels of spatial perceptual skills in students 
itlentified as having weaknesses in engineering drawing may be only 
part of wider conceptual and linguistic gaps, particularly in students 
entering university from the Black education system (Department of 
Education and Training), due to a lack of exposure to a Western 
technological background. 
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It was decided that the overall aim of any special ·academic support 
given should be to develop proficiency in engineering design, rather 
than merely in engineering drawing. The special Engineering Analysis 
and Design course would aim to develop the skill of abstract 
manipulation rather than the skill of ·operating at a concrete level, 
and would therefore concentrate on problem-solving activities. 
Analysis of the data showed that while the performance of White 
students on the special EAD course improved relative to the 
performance of two matched White student samples in the Mainstream EAD 
course, the performance of Black students on the special EAD course 
did not improve relative to their Black Mainstream EAD counterparts. 
However, the performance· of Black students who had undertaken 
post-matriculation pre-university technical education (e.g. the Anglo 
American Cadet Scheme or the Johannesburg Chamber of Industries 
Scholarship Scheme) was significantly better than that of the other 
Black first-year students in EAD 1 as well as in all other first year 
engineering courses, except for Physics. It must be remembered 
however, that these students went through rigorous selection 
programmes before being awarded scholarships. 
Although the effect of the special academic support EAD course was 
difficult to evaluate, it is likely that the course contributed to 
raising the pass rate of EAD 1 at the University of the Witwatersrand. 
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In an attempt to predict the academic success of first year 
engineering students at the University of Durban-Westville (using 
Matriculation results and several psychometric tests) Behr (1982) 
found that the Gottschaldt Figures Test showed a significant 
correlation with engineering drawing. Retesting the same students at 
the end of the first year showed a significant improvement in their 
performance. She concluded that visual perception is amenable to 
training and that special methods should be introduced to develop this 
ability both at school level and during the first year at university. 
Potter, van der Merwe and Kemp (1983) outlined procedures used for 
identifying '~t risk" students and described the remedial techniques 
developed in the first year Engineering Analysis and Design (EAD) 
course, a subject failed by 31% ?f the total of first year Engineering 
intake during the years 1976 1980 at the University of the 
Witwatersrand. 7,25% of the student intake dropped out from first 
year engineering during this period. 
Engineering components (e.g. parts from a motor car) were used as the 
main apparatus from which students learned to draw in three dimensions 
instead of from pictorial exercises traditionally used. Apparatus 
such as plasticine, fold-out models, 3-D perspex and stereoscopic 
viewers, add-on transparencies, and multifaceted mirrors were used 
where appropriate. 
Pilot work on the development of these remedial materials was 
commenced in 1980 with students in the Undergraduate Cadet Scheme. 
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Failure rates in EAD of first year engineering students have dropped 
since the introduction of the remedial methods. For the periods 
1981 1983, the average final EAD examination failure rate was 10,5% 
(compared to 31% during 1976 - 1980) but the student dropout rate was 
16,8%. (i.e. more than double) 
Potter and van der Merwe (1984) further discussed the Special EAD 
course developed at the University of the Witwatersrand. The BLOX 
test and the H-test were thought to be particularly reliable 
predictors of engineering drawing and were given to all first year 
students. A student identified as doing well in most subjects, but 
poorly in EAD and having weaknesses in spatial perception shown by the 
BLOX and the H-test, and having average or above average mental 
ability (on mental alertness test) was thought to be an ideal remedial 
candidate for the Special EAD Course. 
Conclusions 
From this overview of recent studies 
performance in engineering drawing and 
concluded (by way of summary) that: 
on the relationship between 
spatial ability, it may be 
1. Selected pencil 
of predictors 
as a guide to 
and paper tests of spatial ability are reliable 
performance in engineering drawing and may be used 
identifying those students in need of special 
remedial help in this area. 
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2. Spatial ability skills can, in general, be trained; and special 
teaching methods can be employed to develop this ability to a 
certain extent during the course of the academic year. 
3. 
2.2.1 
In South Africa, students entering universities from the Black 
education system (Department of Education and Training) have, for 
various reaons, more difficulties with engineering drawing 
concepts than any other group. 
Problem Solving and Engineering Drawing 
Van der Merwe (1983) described visits undertaken with lecturer 
C. Potter to three South African Universities to investigate 
what was being taught to first year engineering students, what 
methods were employed to teach and what problems were being 
encountered, particularly with students requiring academic 
support. They shared experiences in an attempt to generate 
fresh ideas on improving teaching methods. 
Much groundwork had been carried out by the University of the 
Witwatersrand, in conjunction with Anglo American, in the 
development of three-dimensional perceptual engineering 
drawing abilities, and in involving the students in projects 
and site visits. It had become clear that problem-solving is 
the focal point of the engineering curriculum in second year 
and beyond, and that a development of problem solving 
techniques in particular was required. 
(_,/ 
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Kemp (1983) also emphasised the importance of 
problem-solving. He suggested that engineering education at 
tertiary level consists of two main parts: firstly, the 
understanding of the basic principles of science and 
technology and, secondly, the development of a competence in 
problem-solving. 
Problem-sdlving involves asking pertinent questions, sensing 
what is important, making realistic assumptions, relating to 
other problems and thinking in terms of analogies. These 
abilities require an appreciation of and interest in the 
subject, competence in expressing the relevant contextualised 
language and a clear, visual perception of the behaviour. 
"Good problem-solvers in engineering have been identified 
as people with the confidence and motivation to persist 
with the problem. They frequently develop a visual image 
of the mo"del they are using and its response by the use 
of sketches. They appreciate the language of .the subject 
and can describe the process in their own words". (Kemp, 
1983 : 257). 
Many scholars, particularly (but not exclusively) from the 
Black community, experienced difficulties in using 
contextualised language and representing concepts visually in 
diagrams and drawings and resorted to superficial, rote 
learning. Their problems were acute, probably because of 




The findings uncovered in this section of the literature review may be 
summarized as follows: 
1. Good problem-solving ability appears to play a major role in the 
success of an engineering student, especially after the first 
year of study. 
2. Successful problem-solving in engineering requires, in addition 
to a thorough basic understanding of the scientific and technical 
principles and the ability to express ideas clearly using 
relevant contextualised language, the ability to form a visual 
image of the problem and to translate.that into diagrams and 
sketches. 
3. Many students, particularly those from the Black community,/ 
experience difficulties with the solving of problems. 
2.3 ATI'ITUDES AND PROBLEMS OF FIRST YEAR ENGINEERING STUDENTS AT A 
MULTICULTURAL SOUTH AFRICAN UNIVERSITY 
In a very detailed piece of research on study habits and attitudes of 
engineering students conducted at the University of the Witwatersrand 
by Potter et al (1984) the following aspects were thought to be the 
most relevant to this research. These problems relate particularly to 







The gap between school and university appeared to be a 
particular problem for all first year engineering students. 
There was an obvious lack of career counselling which led to 
poor orientation to engineering as a career. 
Students found it difficult to cope with the heavy workload 
and rapid pace of instruction. 
The ability to interact and communicate with others appeared 
to be important, not only for the adequate development of 
problem solving abilities, but also to obtain help with course 
work. 
Black students had particular problems, such as poor 
preparation at school, dependence on rote learning, language 
problems, and conceptual difficulties. Language, especially 
difficulty with technical terms, hampered the understanding of 
the context of lectures and the taking of appropriate notes 
(especially when dictated), causing the Black student to be 
reticent in asking questions even when it was clear that he or 
she did not understand. 
Difficulties in visualising in three dimensions in the EAD 
course were seen as problematic for Black students. 
,, 
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2.3.6. Black students appeared to operate from a position of 
isolation compared to the informal student network operating 
among their White counterparts, and did not have access to the 
support systems such as consultation with peers, family, 
students in higher years of study and graduate students used 
by most White students. 
2.3.7 Not being resident on campus, as a result of discriminating 
legislation, was seen as a crucial factor counting against 
success for Black students. Transport and financial factors 
were additional hurdles. 
2.4 CULTURAL AND LINGUISTIC ASPECTS OF SPATIAL ABILITY 
A pertinent introduction to the impact that culture and language 
appear to have on spatial ability may be a quotation from Sinha and 
Shukla (1974 : 434) 
"Man's dependence upon his environment for a major part of his 
sensory input and its impact on his development have been 
topics of interest to psychologists and educators for decades". 
"Research trends point to the importance of the child's 
environment which provides the experiential basis for the 
acquisition and proper development of various cognitive skills. 
The first trend is the recently developed interest among 
contemporary psychologists toward the study of cognitive growth 
of disadvantaged children. 
The second trend is represented by the cross-cultural studies 
of various cognitive processes revealing the influence of 
culture and ecology"·. 
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2.4.1 Cross-cultural studies 
Hudson (1960; 1962) concluded from his tests in South Africa of 
pictorial depth perception carried out on White, Coloured, 
Black and Indian samples that cultural experience and not 
educational standard was the determining factor in dimensional 
perception of pictures. Formal education was a contributing 
factor to the attainment of three-dimensional spatial ability 
under certain circumstances results indicated that in the 
case of the White school sample, depth perception improved with 
progress through primary school. 
However, the Black graduate group did not display better depth 
perception than the White higher primary group. Some Black 
graduates reported being able to see pictures in both two and 
three dimensions when required to perform a three-dimensional 
perceptual task. 
In 1966, du Toit criticized -Hudson's work on linguistic 
grounds, suggesting 
well-developed among 
that pictorial depth perception was not 
Southern Africans because their languages 
did not offer avenues for this aspect of cognition to develop. 
Work done by Dawson (1967) suggested that personality may be 
associated with the comprehension of pictorial depth cues. 
Using Hudson's methodology,r, he found that Africans from tribes 
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in which there was a high level of maternal strictness (and 
associated field-dependence) comprehended pictorial depth less 
of ten than individuals from tribes with a low level of maternal 
strictness (and associated field-independence). Dawson 
reported that he was able to teach individuals to interpret 
depth cues, but that the field-independent individuals showed 
most improvement. He suggested that the reason for this was 
that field-dependent subjects are more conforming and less open 
to new experiences, making them more resistant to learning new 
ideas. 
By 1970 there was widespread awareness of the difficulties that 
students in various cultural settings faced in pictorial 
perception. Sufficient research had been conducted to warrant 
the Commonwealth Secretariat's commissioning a review by 
Coppen. It was intended to disseminate the findings of this 
body of research to those concerned with the production and use 
of pictorial materials in education, particularly in the 
developing countries of the Commonwealth. 
Deregowski and Byth (1970) tested a group of graduate Whites 
and uneducated Black Zambians using Hudson's pictures in an 
apparatus called "Pandora's Box" which can indicate whether 
"depth" responses are primarily a function of interpretation or 
of perception. (Interpretative cues are those which require 
overt learning through exposur~~ictorial material and which 
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lead to responses to pictures indicating such perception of 
depth. Perceptual cues occur independently of such exposure 
and result in perception of pictorial depth without any 
awareness of the interpretative elements which may be 
involved). Results confirmed the existence of pictorial 
perception difficulties in the Zambian sample and suggested 
that these .might be due to both interpretative and perceptual 
difficulties defined above. Whites tended not to display any 
difficulty in responding three-dimensionally. 
Wilson (1972) summarised various research findings concerned 
with the misunderstandings of drawings which occurred when 
subjects were from a cultural background different from that of 
the artist. Reference was made to work in Brazil, Costa Rica, 
Kenya, Mexico and Thailand. The interpretation of drawings was 
highly culture-dependent, particularly among those with little 
formal schooling. There were clear implications for the design 
of learning materials in science and mathematics. 
In 1974, Nicholson's 
evidence that many 
considerable difficulty 
diagrams of structure, 
investigations added to the growing 
students in non-Western cultures had 
in perceiving spatial relationships in 
an ability of great importance in the 
learning of chemistry. 
and undergraduate levels. 
His subjects were at upper-secondary 
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Dawson and Young (1974) found with their Hong Kong Chinese 
subjects that lower socio-economic level, field-dependence, 
harsher socialisation and more traditional attitudes were, as 
expected, associated with lower three-dimensional pictorial 
perception test scores. 
higher three-dimensional 
sample. A sample of 
The more permissive Eskimos showed 
pictorial perception than the Chinese 
Chinese three-year-olds who had been 
exposed to considerable cultural stimuli such as toys, 
photographs and television programmes in a nursery school, 
showed some evidence of three-dimensional ability in their 
responses. 
Studies involving children from Ghana and Scotland (McGurk and 
Jahoda, 1975) supported the view that African children had some 
difficulty with pictorial depth perception and lag behind 
European children in this respect. However, the evidence did 
not support the view that African children were grossly 
deficient in perceiving pictorial depth. Spatial accuracy of 
Ghanaian children was shown to improve with age. Criticism was 
levelled at the "ambiguity" of Hudson's test (1960, 1962) and 
the fact that fairly complex verbal procedures had been 
employed, again emphasising the importance of language. In 
testing the Ghanaian subjects, attempts were made to use the 
child's own vernacular or some acceptable mixture of languages. 
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In 1975 studies with African children carried out by Leach 
showed that instruction in pictorial depth perception 
consistently resulted in improved performance in tests 
requiring three-dimensional perception. A striking feature of 
his findings was the high incidence of pictorial depth 
perception even among uninstructed children. He also levelled 
criticism at Hudson's methods. A factor contributing to this 
positive finding of three-dimensional perception in the African 
subjects was thought to be that the testers were themselves 
African and conducted the tests in the home language of the 
child. 
Worsnop (1975) described the development and effectiveness of a 
remedial teaching strategy for students, particularly those 
from non-Western cultures, who had difficulty in interpreting 
framework diagrams correctly. 
Ahmad (1978) studied subjects whose mother-tongue was Arabic or 
English and found that pictures had different effects on 
subjects from the different language backgrounds. While other 
cultural variables also played a part, the mother-tongue 
variable was of primary significance, correlating with the 
degree of unfamiliarity of the picture to the subject. The 
more unfamiliar the picture, the more significant was the 
mother-tongue in emphasising certain features of the picture. 
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Nicholson, Seddon and Worsnop (1977) undertook a joint 
University of East Anglia (UEA)/University of ·Lagos research 
project concerned with the ability of Nigerian secondary school 
pupils to perceive depth correctly in chemical diagrams. They 
designed a remedial teaching program to improve that ability. 
In 1977, Ross investigated the remedial effect of a 
self-instructional program as a follow up to the DEA/University 
of Lagos project. Different kinds of "prompt" were 
incorporated into different versions of the program, and the 
effects compared. All forms were effective in increasing the 
pupils' ability to interpret three-dimensional diagrams. The 
audio mode of exposition was the most effective. 
Bishop (1'979) found· that students in Papua New Guinea, even at 
tertiary level, had great difficulty in three-dimensional 
visualisation and in the interpretation of diagrams. Amongst 
other cultural problems, that of language was significant. For 
some students, English was their fourth language. None of 
their home languages provided an adequate base for describing 
the spatial environment scientifically. 
Mitchelmore (1980) reported a comparison of spatial and 
three-dimensional drawing ability between two industrialised 
countries (USA and UK) and a developing country (Jamaica). The 
study showed significant differences in performance between the 
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British, American and Jamaican samples. It was suggested that 
the observed differences 'in spatial and drawing ability reflect 
cross-cultural differences in attitude towards the use of 
spatial models of thinking, an attitude partly revealed by the 
degree of geometrical emphasis in the schools' mathematics 
curriculum. 
Dos Santos, Seddon and Jusoh (1981) followed up on Whorf (1956) 
and Bruner (1973) who argued that a person's understanding of 
the world is affected fundamentally by the language used to 
communicate and receive 
(1958) whose work points 
the grammatical features 
manipulation of ideas. 
this understanding, and Bridgeman 
particularly to the influence which 
of a language may have upon the 
They used this reasoning to test the 
possible implications of teaching students in a language which 
is different from their native language. 
They investigated the existence of these possible language 
effects in relation to the spatial tasks contained in the test 
used by Nicholson and Seddon (1977) • .They concluded that the 
differences between Portuguese, Malay and English are not such 
as to produce different factor patterns. 
·Conclusions 
From this survey of recent relevant cross-cultural studies it appears 
that visual and verbal competence is essential for success in 
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engineering studies and is therefore relevant for each student. There 
are students from every cultural background in Africa and beyond who 
have academic support needs during their years of engineering study, 
but it is particularly significant to recognise the difficulties faced 
by Black scholars in South Africa who wish to pursue these studies. 
Black students may appear conversant in English as a result of having 
been taught in this medium in the latter part of their school careers, 
but this does not mean that they possess an adequate comprehension to 
tackle scientific and engineering studies (Kemp, 1983). 
The vast majority of teachers in Black schools are themselves using a 
second language in which they sometimes lack confidence. Many black 
students display a weakness in expressing themselves using 
contextualised technical language and vocabulary. 
2.4.2 The Disadvantaged Child 
Over a period of three years (Western New Mexico University, 
1967), a group of 510 rural children participated in a study of 
visual perceptions, including eye motor co-ordination, 
discernment of figures in a background pattern, form constancy, 
position in space, and spatial relations, as measured by the 
Frostig Visual Perceptions test. Results of testing showed 
that all rural children scored low in form constancy. 
Culturally deprived children scored lower in all perceptions, 
but visual perception handicaps were sometimes as great as 
eight times that of control group children. 
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Franklin (1969) used Picture-Object matching tests, Spatial 
Arrangement tasks and Structured Play situations to compare the 
performance of disadvantaged . and advantaged children on tasks 
requiring representational thought rather than verbalisation. 
Scores indicated that the disadvantaged group generally did not 
perform as well as the advantaged children, although there was 
much variation among individuals tested. 
In 1974 Sinha and Shukla hypothesized that any kind of 
deprivation (due to social, economic, nutritional and other 
deficiencies in a child's environment) experienced by the 
child, especially during the early part of his growth, will 




depth perception. An investigation of children from 
in India (an impoverished environment with minimal 
for interaction with adults and the outside world, 




books, monotonous and homogeneous 
deprivation was associated with a 
strong detrimental effect on the performance of the children 
aged four to five and five to six-and-a-half years in tests of 
pictorial depth perception. 
In many South African schools the emphasis is on rote learning, 
of ten to the detriment of achieving insight and understanding 
(van den Berg, 1983). Questions and investigation of 
alternative solutions are not encouraged. The problem may be 
more serious because of a common cultural belief that it is 
wrong to question one's elders (Kemp, 1983). 
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Again, in the context of South Africa, the difficulties facing 
Black engineering students are emphasised. Such students 
represent sectors of the South African community where homes 
are impoverished and where educational facilities are limited V/ 
(van der Merwe 1983). The disadvantaged home environment (with 




visual games, constructive toys, model-building, jig-saw 
also implies that few of them experience an effective 
to commerce and industry. Subsequently, these 
students have not only a limited technical vocabulary in these 
fields but also a limited awareness of the relevance of their 
studies (Kemp 1983). 
2.5 SUMMARY OF CHAPTER, AND IMPLICATIONS 
The main findings uncovered by this literature search may be 
summarized as follows: 
1. It is possible to predict the overall performance of students in 
engineering drawing early in the year by means of pencil and 
paper tests of spatial ability, although an optimum combination 
of predictive tests has still to be determined. 
2. Spatial ability improves with training. Special academic support 
given early enough to students who experience difficulties with 
engineering drawing can result in an improvement in the pass rate 
in the engineering drawing examination. 
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3. The ability to solve problems appears to be essential to success 
in engineering studies. Successful problem-solving requires, in 
addition to a thorough basic understanding of scientific and 
technical principles and the ability to express ideas clearly 
using relevant contextualised language, the ability to form a 
visual image of the problem and to translate that ·into diagrams 
and sketches. 
4. First year engineering students generally experience problems in 
bridging the gap between school and university. 
S. In South Africa, students entering certain universities from the 
Black Education system (known officially as the Department of 
Education and Training) have more difficulty with engineering 
drawing concepts than any other group. 
6. The problems 
light of the 
experienced by Black students should be seen in the 
evidence that culture, language, socio-economic 
level and deprivation have an influence on the development of 
spatial ability. 
7. Language plays an important role in the development of spatial 
ability fcfr instance, some languages (e.g. African languages, 
Papua New Guinean languages) do not have an adequate vocabulary 
for describing the spatial or technical environment 
scientifically. On the other hand, it has been shown that the 
use of the mother-tongue is important in recognising the features 
of unfamiliar diagrams or pictures. 
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8. People from non-Western, developing countries generally do not 
perform as well on tests of spatial and three-dimensional drawing 
ability as do those from Western, industrialised nations. 
9. Personality and child-rearing practices appear to· have an 
influence on the development of spatial ability. A high level of 
maternal strictness and traditional attitudes are linked to lower 
spatial ability test scores. 
10. The development of the pictorial depth 
children · from low socio-economic levels 
perception skills of 
who are deprived of 
interaction with the outside world and with adults, and who live 
in monotonous surroundings without the stimulation of toys or 
picture books, are likely to be retarded. 
The implications of these findings for the direction of the present 
investigation at the University of Cape Town are as follows: 
1. It is important to develop a battery of spatial tests which are 
good predictors of engineering drawing results at this 
university. The early identification, as far as possible, of all 
students who have problems with three-dimensional concepts is 
vital to the provision of effective, adequate academic support. 
2. It is relevant in our country's multicultural society, to 
investigate for teaching purposes the differences in performance 
in the spatial tests and in engineering drawing by students·from 
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different cultures. In South Africa, the cross-cultural 
differences which may have been present in any case (caused for 
example by language differences), are further intensified by the 
fact that education systems and socio-economic classes are 
divided up by legislation on the basis of these "cultural 
groupings" as well. A better understanding of reasons for the 
poor spatial ability of some students may lead to more 
appropriate education being offered, both at school and through 
special interventions in the regular lecture system by the 
Academic Support Programme recently established at UCT. 
3. The present investigation will not only attempt to confir~ at UCT 
the findings of Kemp, van der Merwe, Potter and Taylor at other 
universities. It will also extend and enlarge on their work in 
the following ways: 
(a) Three different spatial batteries of varying composition and 
length have been used during the three years of research 
described in this thesis. This has given some insight into 
the design of questions and the setting of time limits to 
refine and improve the predictive qualities of the battery. 
(b) Care has been taken to determine whether the batteries used 
in 1983 and 1984 are good predictors for each separate 
cultural group as well as for the population as a whole. It 




EXPERIMENTAL DESIGN, SAMPLE, CRITERION AND PREDIC'IDRS 
In this chapter 
characteristics of 
the setting for the investigation is presented, and the 
the five populations chosen for study are described. 
The research methods used are identified, and the design, development, 
refinement and properties . of the three different spatial batteries used 
are described. The statistical methods used to analyse the data are 
presented. 
3.1 THE SETI'ING FOR THE INVESTIGATION 
The investigation was conducted in the engineering faculties at the 
University of Cape Town and at the Cape Technikon. The University of 
Cape Town is an English-speaking multi-racial institution of some 
11 000 students, of whom approximately 85% are Whites. On average; 
over the past 5 years, 255 first year students registered for the 




Technikon is a bilingual 
figure of approximately 
institution with a student 
4 200 (enrolment in the first 
semester of 1985) of whom about 92% are Whites. Students from 
Non-white race groups are accepted for certain courses not available 
at the Peninsula Technikon .(the parallel institution provided for 
Non-whites). 
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3.2 SELECTION AND CHARACTERISTICS OF THE POPULATIONS 
During the years 1983, 1984 and 1985, 919 first year engineering 
drawing students were included in experimental samples drawn from the 
engineering faculties of UCT (741 students) and the Cape Technikon 
(178 students). 
Five populations are referred to in this study; three comprise first 
year engineering degree students from UCT, one is a sample of first 
year engineering diploma students from the Cape Technikon, and one a 
group of students who were re-tested and interviewed after failing the 
spatial battery and later achieving an apparently anomalous first 
class or upper second class result in the June 1984 ME102 examination. 
The characteristics, and cultural breakdowns (where applicable) of the 
five populations are set out below: 
Population 1 (1983) 
This consisted of 278 UCT first year engineering drawing students 
representing Mechanical, Civil, Electrical, Materials and Chemical 
Engineering departments. These novice students were tested in March 
1983 using the UCT spatial battery. 
There were 12 female students in the group tested. The population was 
classified by statute into groups along cultural lines as follows: 
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25 students classified "Black" 
207 students classified "White" 
26 students classified "Coloured" 
5 students classified "Asian" 
15 students unclassified racially. 
Two additional subgroups were considered within this analysis, viz: 
14 Shell Bursary students (comprising 11 Blacks, 2 Coloureds and 1 
Asian student). 
12 Non-Shell students (for comparison purposes, all Blacks, since the 
majority of the Shell scholars in 1983 were Black). 
The "Asian" group was not considered in the cross-cultural analysis as 
the numbers were too small to yield significant results. 
Population 2 (1984) 
This consisted of 249 UCT first year engineering drawing students 
representing Mechanical, Civil, Electrical and Chemical Engineering 
departments who were tested in February 1984 using the Glasgow spatial 
battery. 
35% of the class had received some technical drawing training before 
entering university. There were 11 female students in the group 
tested. The population was divided into groups along statutory 
cultural lines as follows: 
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22 students classified "Black" 
202 students classified "White" 
23 students classified "Coloured" 
2 students classified "Asian". 
Two additional subgroups were considered in this analysis, viz: 
14 Shell Bursary students (comprising 8 Blacks and 6 Coloureds). 
31 Non-Shell . students (for comparison purposes, chosen to comprise 14 
Blacks and 17 Coloureds, since the 1984 Shell students groups were 
almost evenly distributed across these two cultures). 
The "Asian" group was not considered in the cross...:.cultural analysis as 
the numbers were too small to yield significant results. 
Population 3 (1985) 





UCT first year engineering drawing students 
Civil, Electrical and Chemical Engineering 
tested in February 1985 using the 
Problem-solving/Spatial battery. 
4 7% of the students had had previous training in techn.ical drawing, 
usually at school. There were 10 female students in the group tested. 
Matriculation standards required to qualify for entrance to an 
engineering department at UCT are at least 60% for Mathematics and 
Science (Higher Grade). 
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Population 4 (1985) 
This consisted of 178 Technikon first year engineering diploma 
students representing the Electrical, Mechanical and Civil Engineering 
faculties. These novice students were tested in January 1985 using 
the Problem-solving/Spatial battery. 
Matriculation standards required to qualify for entrance into an 
engineering faculty at the Technikon are at least 50% for Mathematics 
and Science (Standard grade) or at least 40% for Mathematics and 
Science (Higher Grade). 
67% of the students had studied technical drawing at school. 
Population 5 (1984 subgroup) 
This consisted of 7 UCT first year engineering drawing students who 
were re-tested and interviewed after failing the Glasgow spatial 
battery and later achieving first or upper second class passes (i.e. 
above 70%) in the June 1984 ME102 examinations. 
These first year students were re-tested in August and September 
1984. They were given the identical Glasgow spatial battery they had 
written in February 1984. 
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3.3 SELECTION OF DEPENDENT AND INDEPENDENT VARIABLES 
• 
The criterion scores (dependent variables) were the June ME102 
engineering drawing examination results at the University of Cape Town 
in 1983, 1984 and 1985 and the November ME102 results in 1983 and 
1984. 
The predictors (independent variables) were: 
3.3.1 Spatial Battery Scores 




items designed in the Education Department at the 
of Cape Town. The UCT Battery had been 
from 1980 to 1982 on 250 university science 
students (Rochford, 1984). 
(b) The Glasgow Spatial Battery was used in 1984 and consisted 
of 66 items designed and used for several years in the 
Chemistry Department at Glasgow University. 
(c) The Problem-solving/Spatial Battery was used in 1985, and 
consisted of 25 "Problem-solving" items requiring spatial 
ability, the H-test, plus author-constructed items. 
Different 
in 
forms of spatial tests were used in three consecutive 
order to identify those with the greatest diagnostic years 
and predictive validity for freshman engineering students at a 
multicultural university. 
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3.3.2 The Spargo Science Test 
A test of basic Matriculation level physical science compiled 
by Professor P.E. Spargo, Science Education Unit, UCT, 
consisting of thirty multiple-choice questions selected from 
past Matriculation examination papers. 
3.3.3 The Matriculation Mathematics Results (of 1982, 1983, 1984) 
3.3.4 The Matriculation Aggregate (of 1982, 1983, 1984) 
Copies of the different experimental spatial batteries and an 
example of the November ME102 examination are included in 
APPENDIX 1. 
3.4 DESIGN, DEVELOPMENT AND PROPERTIES OF TIIE SPATIAL BATTERIES 
(a) The UCT Spatial Battery 
Rochford (1984) devised a spatial battery consisting of four 
sub-tests, as follows: 
RV Rotation, visualisation and juxtaposition of geometric 
objects in three dimensions. 
RC Rotation of cubes in space 
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SYN Synthesis of sections of common geometric objects 
SEC Sectioning of geometric solids 
Time limits of 15 minutes were set for (RV + RC) and for 
(SYN+ SEC). 
Properties of the UCT spatial battery for different populations 
are tabulated in Table 3.1 on page 60. 
The Cronbach alpha coefficient for the UCT spatial battery 
was ol.._= 0,82 (N = 100). Individuals who were at least one 
standard deviation below average - that is, who scored less 
than 63% on this battery, were classified as likely remedial 
candidates. (This cut-off point agrees with the criterion 
score of 23 out of 36 utilised by .Nicholson and Seddon, 1977). 
Finally the construct validity of the battery was established 
by correlating 42 students' scores with scores they obtained in 
NFER Spatial Test 3. The result obtained was r = 0,84. 
Calculation of the Cronbach alpha reliability co-efficient for 
NFER Spatial Test 3 yielded 0( = 0, 97 (N = 42). 
(b) The Glasgow Spatial Battery 
This test comprised ten sections which covered the content of 
the four sub-tests described previously in the UCT Spatial 
Battery. A time limit of one hour was imposed. 
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Properties of the Glasgow spatial battery for freshman 
engineering students are set out in Table 3.2 on page 61. 
Individuals who scored less than 71% in this battery (i.e. at 
least one standard deviation below average) were classified as 
potential remedial subjects. 
(c) The Problem-solving/Spatial Battery 
Potter and van der Merwe (1984) designed 25 problems to test 
problem-solving and spatial ability which they used, together 
with the H-test, as a guide to identifying suitable candidates 
for their Special EAD course (designed as an academic support 
tool to assist students having difficulty with engineering 
drawing). 
The Problem-solving/Spatial battery includes these twenty-five 
problems, the H-test, plus some author-constructed items 
(composed in consultation with the drawing lecturer). 
The battery was strictly timed. At the request of the UCT 
engineering drawing lecturer (who had written the GMAT test at 
the UCT Business School and had been impressed by its format) 
the time limits set were such that even the most able student 
would be stretched, i.e. nobody was expected to finish each 





- 12 problems - 15 minutes 
- 13 problems - 15 minutes 
Section three - H test 5 minutes 
Section four - Author constructed section - 5 minutes 
Invigilators gave detailed explanations and examples before 
allowing the students to begin each new section, which was then 
strictly timed. Questions were all in multiple-choice style 
and answered on a specially prepared answer sheet. 
The following provisional cut-off points were set for each 
section for possible academic support purposes (at least one 
standard deviation be.low average in each case): 
Section one: 5 or less out of 12 (40%) 
Section two: 2 or less out of 13 (15%) 
Sections three 
and four: 35 or less out of 90 (39%) 
Total score: 43 or less out of 115 (38%) 
Properties of the Pr.oblem-solving/Spatial battery are tabulated 
in Table 3.3 on page 62. 
- 53 -
3.5 COLLECTION OF THE TEST SCORES 
Population 1 
For normal teaching purposes the 278 first year engineering drawing 
students at UCT were divided into two approximately equal groups for a 
three-hour laboratory session once per week. 
During a laboratory session in March 1983 the sub-tests of the UCT 
battery involving rotation, visualisation and juxtaposition of 
geometric objects in space were given to the two groups. During the 
following week, the sub-tests requiring the synthesis of sections of 
common geometric objects and the sectioning of geometric solids were 
written. Time limits of 15 minutes were imposed in both cases. 
Population 2 
During Freshers' week in February 1984, 249 first year engineering 
drawing students at UCT were tested simultaneously in two large 
groups. A time limit of one hour was imposed for the Glasgow spatial 
battery which consisted of ten sub-tests involving the rotation, 
visualisation and sectioning of geometric objects. The tests were set 
in multiple choice format. Senior students were available during the 
test to clarify the wording of questions where necessary. 
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Population 3 
During Freshers' week in February 1985, 214 first year engineering 
drawing students at UCT were tested simultaneously in three groups. 
The Problem-solving/Spatial battery consisted of four sections which 
were strictly timed by the invigilators. Thorough explanations and 
examples were given by the invigilators before the candidates began 
each section. In total, 40 minutes were allowed for writing the test, 
while roughly 15 minutes were devoted to explanation by the 
invigilators. Senior students were available during the test to 
assist with queries. 
Population 4 
178 First year engineering diploma students were tested at the Cape 
Technikon on two separate days in January 1985. The students were 
divided into eleven groups, the first group being the only one tested 
on the first day, and the other ten being tested successively 
throughout the following day. They received the same 
Problem-solving/Spatial battery administered to Population 3, under 
very similar examination conditions. 
Population 5 
It was decided to re-test and interview those seven students who had 
failed 
second 
the Glasgow spatial 
class passes (i.e. 
battery and then achieved first or upper 
above 70%) in the June 1984 ME102 
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examination. The students were contacted and assembled in two separate 
groups during August and September, 1984. The Glasgow spatial .battery 
was re-administered under the same conditions and with the same time 
limits as previously. The students were then interviewed 
individually, and their responses recorded. 
Blade and Watson (1955) noticed similar strange contradictions in 
their research. Although their tests of spatial ability correlated 
well with engineering drawing examination results, there were some 
students who appeared "almost hopeless" on the spatial test, but who 
performed excellently at engineering drawing. Others had achieved top 
scores in the spatial tests and had been only average students in 
engineering drawing. Illness, change of occupational goal etc, 
accounted for those with good test scores who did less well than 
expected. Blade and Watson postulated that only a change or growth in 
the students' ability as measured by the spatial test could explain 
the outstanding class work produced by those students whose earlier 
test scores indicated that they lacked the spatial ability to do so. 
The following questions were asked by the interviewer in 1984: 
1. Did you find the test easier this time than the first time you 
wrote it? 
2. Did you take the first test seriously? 
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3. Are you aware of looking at things or seeing things differently 
now, compared to when you first began engineering drawing 
lectures? 
4. Were you aware of everything "falling into place" one day, or 
did you begin gradually to understand the new concepts and 
conventions? 
5. Do you enjoy engineering drawing? 
6. Have you grown to like/dislike it more as the year has 
progressed? 
7. Did you do any extra work to improve? 
8. Do you think that intensive "extra academic support" at the 
beginning of the course would have assisted you? 
3.6 STATISTICAL METHGDS USED IN THE ANALYSIS 
3.6.1 Treatment of each population as a whole 
1. T-tests were carried out to compare different achievements 
of spatially weak and spatially strong students. The 
calculations were performed using subsets of those 
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students for whom complete sets of the relevant data were 
available (N=246 in 1983; N=232 in 1984: N = 185 in 
1985). 
2. Correlation analysis was used to detect significant 
relationships among variables. 
3. Multiple regression analysis was used to find the best way 
of combining the independent variables for predictive 
purposes. The analysis was carried out on subsets 
comprising students for whom complete sets of the relevant 
data were available (N=185 in 1983; N=214 in 1984). 
~' 
3.6.2 Cross-cultural study (carried out in 1983 and 1984) 
As described in Chapter One, Section 1.6, the three cultural 
groups considered in this study are the "DET" students, "DIA" 
students and "ED" students. 
1. Means were computed for comparison of each cultural group 
according to: 
a) Spatial battery scores. 
b) Spargo physical science test scores. 
c) Matriculation mathematics result. 
d) Matriculation aggregate. 
--
e) June engineering drawing (ME102) result. 




T-tests were carried out to determine significant 
differences between the means for the above results where 
the three groups were large enough to test statistically. 
Correlation analysis was used to detect significant 
relationships among variables for each cultural group. 
4. Regression analyses were carried out for each cultural 
group to determine whether the spatial battery result is 
the best predictor of achievement in the ME102 
examination. 
5. Correlation coefficients were calculated for: 
a) Matriculation English results (1984) with June ME102 
(1984) results. 
b) Matriculation English results - first language (1984) 
with June ME102 (1984) results. 
c) Matriculation English results - second language (1984) 
with June ME102 (1984) results. 
6. Means and standard deviations were calculated, and T-tests 
carried out to compare achievement in the June and 
November 1984 ME102 examination by the "English first 
language group" and the "English second language group". 
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These statistical tests for significance were adopted 
since the data obtained 






large populations of 
of normality and 
normal limits of 
3.6.3 Comparison of the performance of UCT students and Cape 
Technikon students in the Problem-solving/Spatial battery 
Means and standard deviations were calculated, and T-tests 
carried out to compare achievement of these two groups. 
3.6.4 Comparison of the performance of Shell Bursary students and 
other Non-white students 
Since the Shell Bursary groups are too small to test statis-
tically, means and standard deviations have been calculated and 
tabulated for inspection purposes only. 
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TABLE 3.1 
PROPERTIES OF THE UCT SPATIAL BATI'ERY FOR DIFFERENT POPULATIONS: 
MEANS, RANGES AND STANDARD DEVIATIONS 
UCT SPATIAL BATTERY 
POPULATIONS N MEAN RANGE SD 
1. Anatomy students: 
midyear failures 
plus five volunteers 42 63,3% 23%-92% 19,6% 
2. Anatomy students: 
Novices 154 77,6% 32%-100% 15,4% 
I 
3. Anatomy students: 
19 midyear failing 
novices plus 8 fail/ 
repeats 27 64,0% 27%-89% 19,1% 
4. Astronomy students: 
Novices 56 66,9% 21%-96% 19,8% I 
5. Astronomy: End-of-
year students with 
intact records 25 73,0% 20%-100% 14,9% 
6. Engineering drawing: 
Novices (Population 1) 273 78,4% 0%-100% 15,6% 
7. Clinical Remedial 
Teachers 15 34,5% 15%-84% 14,5% 
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TABLE 3.2 
PROPERTIES OF THE GLASGOW SPATIAL BATTERY 
FOR FRESHMAN ENGINEERING STUDENTS: 
MEAN, RANGE AND STANDARD DEVIATION 
GLASGOW SPATIAL BATTERY 
POPULATIONS N MEAN RANGE SD 
1. Engineering drawing: 
Novices (Population 2) 231 82,91% 19,7%-100% 11 ,52% 
2. Engineering drawing: 
Midyear retesting 
(Population 5) 7 77 ,5% 60,6%-92,4% 10, 7% 
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TABLE 3.3 
PROPERTIES OF THE PROBLEM-SOLVING/SPATIAL BATTERY 
FOR DIFFERENT POPULATIONS: 
MEANS, RANGES AND STANDARD DEVIATIONS 
POPULATION 3: N=214 POPULATION 4: N=l78 
UCT first year Technikon first year 
engineers engineers 
Mean Range SD Mean Range SD 
Section one: Problems 55,3% 0%-83% 17,6% 49,8% 8%-83% 15,1% 
Section two: Problems 29,1% 0%-69% 13,5% 27,3% 0%-69% 13,2% 
Section three and 
four: Spatial 54,1% 8%-88% 15,6% 49,4% 21%-90% 14,8% 
Total score: 
Problem-solving/ 




NOTE Tables 4.1. to 4.32 appear consecutively on pages 86 to 117. 
4.1 TREATMENT OF EACH POPULATION AS A WHOLE 
4.1.1 The Predictive Utility of the Spatial Batteries 
Tables 4.1, 4.2, 4.3, 4.4 and 4.7 reveal clearly the predictive 
value of the spatial batteries: 
(a) Population 1 (N = 278) 
The results set out in Table 4.1 show that the 46 students 
who failed the UCT spatial battery obtained a failing 
average of 41,1% as a group in June, which was 20% below 
the . average June ME102 result of the next group of 
students (those classified as SpC!;tially "borderline" in 
March). Of these 46 students, 31 failed engineering 
drawing in June and 2 were absent. 
Table 4.2 reveals that 16 of these 46 students failed 
again in November, 14 obtained third class passes and 7 
were absent· or had withdrawn. The 7 absentees all scored 
less than 40% in the June ME102 examination. Overall, 80% 
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of the group of students who failed the spatial battery in 
March had, by November, either failed, "dropped out" or 
obtained a third class pass. 
It is apparent that some improvement did take place during 
the course of 1983. Whereas 33 of the 46 spatially weak 
students failed or were absent in June (Table 4.1), by 
November, only 
failed (Table 
23 of these students had "dropped out" or 
4.2). The number of third class passes 
increased by 10 from June to November. 
At the other end of the scale, 85% of those who scored top 
marks in the UCT spatial battery achieved a first or upper 
second class pass in the November ME102 examination. 
(b) Population 2 (N = 249) 
The results recorded in Table 4.3 indicate that 65 
students falling into the categories "borderline" and 
"fail" for the Glasgow spatial battery scored an average 
of 58% in the June ME102 examination. This was 16% below 
the June average of the next group (spatially 
"satisfactory"). 
20 of these 65 students failed the June ME102 examination, 
8 were absent and 16 were refused permission to write the 
November examination on the grounds of failure in June 
plus a poor class record (i.e. were refused a "Duly 
Performed" Certificate referred to locally as a "DP"). 
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By November (Table 4.4), 91% of the 32 students who had 
failed the Glasgow spatial battery outright in February 
had either failed, obtained a third class pass, were 
absent, Qr had been ref used a DP after the June ME102 
examination. 
It is not clear whether any improvement took place in the 
case of those 65 students in the "Borderline" and "Fail" 
groups (see Tables 4.3 and 4.4). In June, 37 students out 
of the 65 passed the examination. Their results were 
fairly evenly distributed across "Firsts", "Upper 
seconds", "Lower seconds", and "Thirds". In November, 35 
passed the examination. 
seconds or thirds. 
The majority obtained lower 
It is interesting to· note the change in distribution of 
results from June to November, e.g. 10 of the spatial 
"Borderline/Fail" students achieved firsts in the shorter 
June test, but only one achieved a first in 'the 
full-length November final examination. See Table 4.5. 
Of those students who scored top marks in the Glasgow 
battery, 80% achieved firsts or upper seconds in June, and 
64% in November. 
Seven of the 17 students in the "borderline" or "fail" 
groups who obtained firsts or upper seconds in the June 
ME102 examination were retested and interviewed in 
September 1984. 
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Only one student's spatial result improved dramatically -
from "Borderline"· to "Excellent". His November ME102 
result was 65%, a drop of 8% compared to his June ME102 
result. The mean ME102 result of the class as a whole 
dropped by 6% from June to November. 
The other six students showed only marginal improvements 
in their spatial scores, two remaining in the "fail" 
group, one improving to "borderline" and three improving 
to "satisfactory". 
An interesting point to note here is that these students' 
ME102 results plwnmetted by an average of 19,8% in 
November, compared to June. Only one of these students 
achieved a first class pass in November, three obtained 
third class passes and two obtained lower seconds. (See 
Table 4.6). 
This may imply that the November examination was much more 
difficult than the June examination, or that these 
students failed to 
initial struggle 
difficulties shown 
consolidate their knowledge after an 
and apparent "solution" of their 
by a good June result. It should also 
be noted that the November ME102 results are modified by 
the examiner while the results of the June test are left 
unmodified. 
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Results of the Interviews 
Five of the students reported that the Glasgow test was 
easier at the second attempt (but, strangely enough, the 
only student who was very positive about this was student 
F (Table 4.6), the only student whose spatial score did 
not ~mprove with practice!). The other two could not 
remember. Three of the students reported that they did 
not take the first test seriously in February. (However 




reported being aware of "seeing things 
and of "being able to perceive depth now". 
All reported, however, that they struggle with each new 
section of work, and that things do not come easily to 
them. 
Five students felt that their enjoyment of engineering 
drawing had increased. Most stated that valuable help 
from friends plus extra work in revising for the June 
examination had assisted in their achievement of a high 
pass mark in June. 
Only one student did not think that intensive "extra 
academic support" at the beginning of the course would 
have been of assistance. 
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(c) Population 3 (N = 205) 
The results shown in Table 4.7 indicate that the 33 
students falling into the category "fail" in the Spatial 
part of the Problem-solving/Spatial battery obtained an 
average of 61,5% in the June ME102 examination. This was 
9,8% below the June ME102 average of the next group 
(spatially "borderline"). 
48% of these students obtained a third class pass, failed, 
or did not write the June ME102 examination. 
Of the 70 students who fell into categories "good" or 
"excellent" in 
or an upper 
the spatial battery, 76% obtained a first 
second class pass in the June ME102 
examination while only 7% failed or were absent. 
In conclusion, of the three different predictive spatial 
batteries employed in February or March of the years 1983 
to 1985, the best overall predictor appears to have been 
the Glasgow spatial battery, and the weakest overall 
predictor of engineering drawing performance appears to 
have been the Problem-solving/Spatial battery. 
4.1.2 T-Tests 





may be divided into two groups on the basis 
or failing the UCT spatial battery. A 
both the June 1983 ME102 results and the 
November 1983 ME102 results of the groups "SPATIAL FAIL" 
and "SPATIAL PASS" reveals that the two groups achieved 
significantly different results in engineering drawing in 
both cases. The relevant data is presented in Table 4.8. 
Dividing the population into two groups on the basis of 
"PASS" or "FAIL" in the June 1983 ME102 examination and 
"PASS" or "FAIL" in the November 1983 ME102 examination 
reveals that the two groups achieved significantly 
different scores in the UCT spatial battery in both cases. 
(See Tables 4.9 and 4.10.) 
(b) Population 2 (N = 232) 
Dividing the population into two groups "SPATIAL PASS" and 
"SPATIAL FAIL" on the basis· of performance in the Glasgow 
spatial battery, and comparing their June and November 
1984 ME102 results, reveals that the populations performed 
significantly differently in engineering drawing in both 
cases. (See Table 4.8) 
Comparing the Glasgow spatial scores of the two groups 
"JUNE PASS" and "JUNE FAIL" shows that the two groups are 
again, significantly different. The same result is 
revealed when the groups "NOVEMBER PASS" and "NOVEMBER 
FAIL" are analysed. (See Tables 4.9 and 4.10) 
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(c) Population 3 
Dividing the population into two groups on the basis of 
"passing" or "failing" the total Problem-solving/Spatial 
battery, and comparing their June 1985 ME102 results, 
shows that the populations performed significantly 
differently in engineering drawing. (See Table 4.8). 
Comparing the Problem-solving/Spatial battery scores of 
the t "JUNE PASS" and wo groups "JUNE FAIL" shows that the 
two groups performed significantly differently. (See 
Table 4.9) 
4.1.3 Correlation Analysis 
(a) Population 1 
Table 4.11 sets out the correlation coefficients for the 
1983 students with complete data (N=185). Only the 
Matriculation mathematics result was not significantly 
correlated with engineering drawing. The highest 
correlation coefficients obtained were those between the 
UCT spatial battery and the ME102 results. 
(b) Population 2 
Table 4.12 sets out the correlation coefficients which 
were found for 1984 students 'with.intact scores. Neither 
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the November 1983 Matriculation mathematics results, nor 
the Matriculation aggregate showed significant 
correlations with the June 1984 ME102 examination result 
(N = 232). However, significant correlations were shown 
with the November 1984 ME102 result (N = 216) for all 
independent variables considered. The highest correlation 
coefficients calculated were those between the Glasgow 
spatial battery and the ME102 results. 
(c) Population 3 
Table 4.13 sets out the correlation coefficients found for 
1985 students 
were obtained 
with intact data. 
with the June 
Significant correlations 
ME102 result for all 
independent variables considered. The highest correlation 
coefficient calculated was that for the total score of the 
Problem-solving/Spatial battery. 
From Tables 4.11, 4.12 and 4.13 it can be seen that the 
spatial test score correlates most strongly with June and 
November ME102 results thus HYPOTHESES ONE, TWO AND THREE 
are fully confirmed. 
4.1.4 Regression Analysis 
Multiple regressions were carried out to find the best way of 
predicting June and November ME102 engineering drawing results 
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using the combined independent variables Spatial sc~re, 
Matriculation mathematics results, Matriculation aggregate and 
the Spargo physical science score. 
(a) Population 1 
The results are recorded in Table 4.14. Only the UCT 
spatial battery score and the Matriculation aggregate were 
found to be significant as predictors of June and November 
ME102 results for the subset of students with intact 
scores. The Spargo science test scores and Matric 
mathematics results were not signifcant. (For Regression 
Equations, see Appendix 2: 2.1 and 2.2). 
The inclusion of the Matriculation aggregate as a second 
independent variable does not improve r2 appreciably. 
The UCT spatial battery result stands out clearly from the 
other three independent variables considered as the best 
single predictor of ME102 engineering drawing examination 
results in 1983. 
(b) Population 2 
For full regression equations, see Appendix 2: 2.3 and 
~· Using the 1984 data for students with intact scores 
the only independent variable to emerge as a significant 
predictor of the June and November ME102 engineering 
drawing results is 
0,66 in June, N=232; 
the Glasgow spatial battery. 
r2 = 0,60 in November, N=216). 
(r2 = 
- 73 -
Including the June result in the set of independent 
variables to predict November results shows the Glasgow 
spatial battery and the June result as the two significant 
predictors (r2 = 0,79, N = 216). 
(c) Population 3 
The results are recorded in Table 4.15. Only the 
Problem-solving/Spatial 
significant prediction 




score was found to make a 
1% level) of June 1985 
of students with intact 
scores (N=168). For regression equations, see Appendix 2: 
2.5. 
At the 5% level, both the Spargo physical science test and 
the Problem-solving/Spatial battery were significant 
(N=177). However, the inclusion of the Spargo science 
test as a second independent variable did not improve r2 
appreciably. 
The Problem-solving/Spatial battery stands out from the 
other three independent variables under consideration as 
the best single predictor of June ME102 examination 
results in 1985. 
The multiple regression results obtained from Populations 1, 2 
and 3 and the preceding analyses clearly confirm HYPOTHESES ONE 
AND TWO, namely that achievement in the June and November ME102 
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·engineering drawing examinations is significantly related to 
scores obtained in the spatial batteries; and that the spatial 
batteries are the single best predictors of ME102 engineering 
drawing results. 
4.2 CROSS-CULTURAL STUDY 
4.2.1 Comparison of means and T-tests 
(a) Population 1 
Table 4.16 shows that ··the ED students as a group scored 
significantly higher than the DIA group in the UCT spatial 
battery, Spargo physical science test, June ME102 
examination and November ME102 examination. 
The ED group scored significantly higher than the DET 
group in the UCT spatial battery, June ME102 examination 
and November ME102 examination, but .!!Q.!:. in the Spargo 
test. 
The DIA group scored significantly higher than the DET 
group in the November ME102 examination. 
Although the numbers of Shell students and non-Shell 
students are not strictly large enough to test 
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statistically, it can be seen that the Shell students 
scored consistently higher marks than their non-Shell 
peers in the same cultural group. 
(b) Population 2 
Referring to Table 4.17 it can be seen that the percentage 
of students lost from the DET and DIA groups (because of 
absence from 
"dropping out" 
lost from the 
examinations, failure to attain DP's, 
of the course) is much greater than that 
ED group. These figures may be overstated 
since some of the students subsequently may have written 
supplementary examinations. 





that the ED group scored significantly 
DIA group in the Glasgow spatial battery 
the Spargo science test (0,1 level) and 
in the June and November ME102 examinations (0,05 level). 
The ED group scored significantly higher than the DET 
group in the Glasgow spatial battery, Spargo test, and in 
the June and November ME102 examination (all at 0,01 
level). 
The DIA group scored significantly higher than the DET 
group in the Glasgow spatial battery (0,01 level) and the 
June ME102 examination (0,05 level). 
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The Shell and non-Shell groups were not tested 
statistically, but it can be seen clearly that the Shell 
students scored consistently higher than the non-Shell 
group. 
(c) Because of the different education systems involved and 
the different examinations written, it is not feasible to 
matriculation results along cultural lines. compare 
However, it is informative to examine the results 
tabulated in Tables 4.19 and 4.20. 
There appear to be no appreciable differences in the 
achievement of Matriculation mathematics results 
(presumably as a result of selection procedures used by 
the university), .but there is a marked non-significant 
drop in average Matriculation aggregates attained across 
the cultural groups. 
No attempt has ·been made to distinguish between subjects 
taken on the higher grade or standard grade. 
In summary, the first year engineering drawing population can 
be separated into three statistically significant, distinct 
groups (ED students, DIA students, DET students) with respect· 
to spatial ability by the spatial batteries. 
The same three distinct groups show significantly different 
June and November ME102 results, thus confirming the predictive 
validity of the spatial batteries. 
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The only measure that does not. show significantly different 
achievements across cultural groups is the Spargo physical 
science test. This finding may be interpreted as evidence that 
students in the different cultural groups are, overall, equal 
with respect to both application to academic tasks and general 
intellectual endowment. 
The preceding analysis supports HYPOTHESIS FOUR, namely that 
there is a significant difference in the performance of 
students originating in the different education systems 
provided for each cultural group, with respect to 
(a) Spatial battery results 
(b) June ME102 results 
(c) November ME102 results. 
The evidence presented also supports HYPOTHESIS FIVE, i.e. that 
the Shell Bursary students perform consistently better than 
their peers of the same cultural group in the spatial batteries 
and in the engineering drawing course. 
4.2.2 Correlation Analysis 
(a) Population 1 
Correlation matrices were computed for only the 185 
students for whom data was available for all 6 measures of 
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ability (UCT spatial battery, Spargo science test, 
Matriculation mathematics, Matriculation aggregate, June 
ME102 and November ME102 results). This sample consisted 
of: 
144 ED students 
20 DIA students 
18 DET students 
Tables 4.21, 4.22 and 4.23 set out the correlation 
coefficients for each group. 
For the 
Spargo 
DET group, both the UCT spatial battery and the 
science 




correlate significantly with 
not with the November ME102 
For the ED group, several significant correlations are 
shown between the independent variables and the June and 
November ME102 results, one of the strongest being that 
indicated by the UCT spatial battery. 
For the DIA group, the only important correlation to 
emerge was that between the UCT spatial battery score and 
the November ME102 symbol. 
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(b) Population 2 
Correlation matrices were computed only for those students 
for whom data was available for the Glasgow spatial 
battery, Spargo science test, Matriculation mathematics, 
Matriculation Aggregate, June ME102 and November ME102 
results. The sample consisted of: 
186 ED students 
14 DIA students 
10 DET students 
Tables 4.24, 4.25 and 4.26 set out the correlation 
coefficients for each group: 
For the DET group, both the Glasgow spatial battery and 
the Spargo physical science test correlate significantly 
with the June ME102 result. In November only the Glasgow 
Spatial battery and June ME102 result shows a significant 
correlation with the final 'ME102 result. 
For the ED group, both the Spargo physical science test 
and the Glasgow spatial battery are significantly 
correlated with June and November ME102 results. 
For the DIA group, the G.lasgow spatial battery correlates 
significantly with the June and the November ME102 
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results. The Spargo physical science test shows a 
significant correlation with November ME102 results, but 
not with the June results. 
In each case, the highest correlation coefficients 
calculated are those between the Glasgow spatial battery 
and the June or November result. 
To summarise this section, it can be said that the correlation 
analysis performed on each cultural group supports HYPOTHESIS 





will be the single most powerful 
in engineering drawing at UCT, 
irrespective of the cultural group of the sample". 
4.2.3 Regression Analysis 
Multiple regressions were carried out for each cultural group 
to find out the best way of predicting June and November ME102 
results using the combined independent variables Spatial score, 
Matriculation mathematics result, Matriculation aggregate, and 
the Spargo physical science score. 
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(a) Population 1 
DET students (N = 18) 
The results 
Table 4.27. 
for significant predictors are recorded in 
Both the UCT spatial score and the Spargo test 
were found to be significant as predictors of the June ME102 
result, but no significant predictors emerged for the November 
ME102 result. 
DIA students (N = 20) 
Table 4.28 shows the significant predictors for this 
population. No significant predictors were found for June 
ME102; the UCT spatial battery was the only significant 




(N = 144) 
results of the regression analysis are tabulated in 
The UCT spatial battery was shown to be the best 
predictor for June and November ME102 results. 
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(b) Population 2 
DET and DIA students 
The Glasgow spatial score was the only significant predictor to 
emerge for the June and November ME102 results. For full 
regression equations, see Appendix 2: 2.6, 2.7, 2.8, 2.9 
For ED students, the Glasgow spatial score was the only 
significant predictor in the June ME102 result, while both the 
Glasgow spatial score and Matriculation mathematics emerged as 
significant predictors of the November ME102 results, the 
latter adding only marginally to the value of r2. For full 
regression equations, see Appendix 2: 2.10, 2.11 
Summary 
From the preceding multiple regression analyses performed for each 
cultural group in 1983 and 1984, it is clear that the Spatial battery 
scores are consistently the best predictors of both June and November 
ME102 examination results, supporting HYPOTHESES THREE, i.e. that the 
spatial batteries will be 
performance in engineering 





powerful predictors of 
irrespective of the 
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4.2.4 Comparison of English (first language) group with English 
(second language) group - 1984 
English may be taken as a "First" or "Second" language at 
matriculation level. English taken as a "Second language" 
implies that it is not the mother-tongue. 
Since language differences and the use or non-use of the 
mother-tongue play such significant roles in the development of 
spatial abilities (du Toit, 1966; Deregowski and Munro, 1974; 
McGurk and Jahoda, 1975; Leach, 1975; Ahmad, 1978) it was 
decided to compare the performance of those students who passed 
matriculation English taken as First language (implying English 
is the mother-tongue) and those who passed English as a Second 
language (implying English is not the mother-tongue). 
Language classifications were obtained for 206 students in 
1984: 
174 "English first language" - called El 
32 "English second language" - called E2. 
From Table 4.30 it can be seen that the matriculation English 
results (first and second language combined) showed a 
significant correlation with June 1984 ME102 results but that 
the English 
only groups 
first language only 
treated separately, 
and English second language 
yielded positive but 
non-significant correlation coefficients. 
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Means, standard deviations and results of T-tests are shown in 
Table 4.31. There are significant differences in the results 
obtained by populations El and E2 on the Glasgow Spatial 
battery, June 1984 ME102 result and November 1984 ME102 result, 
although, from this information alone, it cannot be concluded 
that one situation directly causes another. 
Forty students either failed or did not write the June ME102 
examination. Sixteen (40%) of these belonged to group E2, 
seventeen belonged to El and seven were unclassified. It will 
be recalled that the University of Cape. Town is a fully 
English-speaking institution, with virtually all lectures being 
delivered in English. 
English as a home language is therefore significantly linked to 
success in the spatial battery and the engineering drawing 
course. This result 
cross-cultural results 
students in group E2 





in accordance with the preceeding 
expected. The majority of the 
DET or DIA students. It should be 
spatial battery questions were all 
written in the English language. 
HYPOTHESIS SIX "That those students taking English as a first 
language at matriculation level perform significantly better at 
engineering drawing examinations (written in English) than 
those who take English as a second language" is thus supported. 
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4.3 A COMPARISON OF 11!E PROBLEM-SOLVING/SPATIAL BATTERY RESULTS OF 11!E UCT 
FIRST YEAR ENGINEERING DEGREE. STUDENTS AND CAPE TECHNIKON FIRST YEAR 
ENGINEERING DIPLOMA STUDENTS IN 1985 
The entrance qualifications required by the Engineering Departments at 
the Technikon are a D (at least 50%) for Matriculation mathematics and 
Physical science (Standard grade) or an E (at least 40%) for these two 
subjects taken on the Higher grade. 
At the University of Cape Town, the requirements for 1986 will be a C 
(at least 60%) for Matriculation mathematics and Physical science 
taken on the Higher grade. 




significant correlations between 
the Spargo physical science test 
(Matriculation level science test) and the spatial battery results in 
1983 or 1984, it was not expected that the UCT population would 
perform better than the Technikon population in the 
Problem-solving/Spatial test in 1985. In addition, Taylor (1981) 
found that technical drawing training at school resulted in initial 
advantages to first year university drawing students. 67% of 
Technikon students and 47% of UCT students had received some technical 
drawing at school. 
From Table 4.32 it can be seen that although the Technikon students 
scored lower than the UCT students on both the problem-solving and 
spatial components of the 1985 battery, the differences are not 
significant. Thus HYPOTI!ESIS SEVEN is supported. 
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TABLE 4.1 
POPULATION 1 - JUNE ME102 RESULTS - 1983 
SPATIAL SCORES JUNE 1983 EXAMINATION RESULTS IN 
UCT BATTERY ENGINEERING DRAWING (ME102) 
% N Ave . Drop in NUMBER OF STUDENTS 
June average 
% % 
Excellent 93-100 48 77 ,1 
V Good 86-92 46 72,9 4,2 
Good 80-85 46 68,4 4,5 
Satisfac-
tory 74-79 46 66,2 2,2 
Borderline 63-73 46 61,5 4,7 
Fail 0-62 46 41,1 20,4 
278 64,6 
Mean spatial battery score = 78,4% 
"Pass Mark" for spatial battery = 63% 
Abbreviations : 
1 = 75% 
2+ = 74% - 70% 
2- = 69% - 60% 
3 = 59% - 50% 
F = 49% - 40% 
FF = 39%-
A bs = Absent 
Ave = Average 
1 2+ 2- 3 F FF 
27 6 12 1 0 0 
22 12 7 3 2 0 
17 6 14 4 4 1 
13 5 13 11 4 0 
12 4 12 8 9 1 










POPULATION 1 - NOVEMBER ME102 RESULTS - 1983 
SPATIAL SCORES NOVEMBER 1983 EXAMINATION RESULTS 
UCT BATTERY IN ENGINEERING DRAWING (ME102) 
NUMBER OF STUDENTS 
% N 1 2+ 2- 3 FS FR Abs 
Excellent 93-100 48 32 9 6 1 0 0 0 
V good 86-92 46 22 7 8 6 1 1 1 
Good 80-85 46 15 8 13 5 3 1 1 
Sa tis-
factory 74-79 46 12 8 12 8 3 ') 1 2 
Borderline 63-73 46 10 3 17 9 3 2 2 
Fail 0-62 46 2 0 7 14 5 11 7 
278 
Mean spatial battery score = 78,4% 
"Pass mark" for spatial battery = 63% 
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TABLE 4.3 
POPULATION 2 - JUNE ME102 RESULTS - 1984 
SPATIAL SCORES JUNE 1984 EXAMINATION RESULTS 
GLASGOW BATTERY IN ENGINEERING DRAWING (ME102) 
Ave Drop Number of students 
June in ave 
% % 
/66 N 1 2+ 2- 3 F Abs No DP 
Excellent 61-66 56 82 45 1 6 0 0 4 0 
Good 56-60 78 78 4 54 7 10 2 3 2 1 
Sa tis-
factory 52-55 50 74 4 29 6 7 5 0 3 2 
Borderline 47-51 33 64 10 8 4 8 2 6 5 7 
Fail 0-46 32 51 13 2 3 5 5 14 3 9 
249 73 
\ 
Mean spatial score = 55/66 = 83% 
"Pass mark" for spatial battery = 47/66 = 71% 
Abbreviations: 
"No DP" means that these students were refused permission to write the 
November examination in Engineering Drawing due to consistently 
unsatisfactory performance in weekly practical drawing exercises, and 
failure in June. 
"Ave" = average 
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TABLE 4.4 
POPULATION 2 - NOVEMBER ME102 RESULTS - 1984 
, 
SPATIAL SCORES NOVEMBER 1984 EXAMINATION RESULTS 
GLASGOW BATIERY IN ENGINEERING DRAWINC: (ME102) 
Ave Drop Number of students 
Nov in ave 
N % % 
/66 1 2+ 2- 3 F Abs No DP 
Excellent 61-66 56 74 25 14 12 1 0 4 0 
Good 56-60 78 69 5 24 23 19 8 1 2 1 
Sa tis-
factory 52-55 so 67 2 7 10 24 5 0 2 2 
Borderline 47-51 33 62 5 0 4 14 2 3 3 7 
Fail 0-46 32 52 10 1 1 1 12 7 1 9 
249 67 
Mean spatial score = 55/66 = 83% 
"Pass mark" for spatial battery = 47/66 = 71% 
Abbreviations: 
"No DP" means that these students were refused permission to write the 
November examination in Engineering Drawing due to consistently 
unsatisfactory performance in weekly practical drawing exercises, and 
failure in June. 
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TABLE 4.5 
A COMPARISON OF THE JUNE AND NOVEMBER ME102 EXAMINATION RESULTS 
OF THOSE STUDENTS CLASSIFIED "BORDERLINE" OR "FAIL" 
IN THE GLASGOW SPATIAL BATI'ERY 
GIVEN IN FEBRUARY 
ME102 Examination No. of Students 
Results June 
Fail ( <._ 50%) 20 
Third Class (50 - 59%) 7 
Lower Second (60 - 69%) 13 
Upper Second (70 - 74%) 7 
First Class (75 - 100%) 10 

















POPULATION 5 - COMPARISON OF SCORES 
OF FIRST AND SECOND ATI'EMPT AT GLASGLOW SPATIAL BATTERY 
AND JUNE AND NOVEMBER ME102 RESULTS 
Spatial battery Spatial battery June Nov 
Attempt No. 1 Attempt No. 2 ME102 ME102 
Score category Score category 
/66 /66 
49 Borderline 61 Excellent 73% 65% 
46 Fail 55 Satisfactory 98% 75% 
49 Borderline 53 Satisfactory 84% 60% 
47 Borderline 54 Satisfactory 75% 69% 
. 
45 Fail 51 Borderline 74% 50% 
43 Fail 40 Fail 74% 56% 
40 Fail 44 Fail 78% 58% 
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TABLE 4.7 
POPULATION 3 - JUNE ME102 RESULTS - 1985 
SPATIAL SCORES ONLY JUNE 1985 EXAMINATION RESULTS 
OF PROBLEM-SOLVING/SPATIAL BATTERY IN ENGINEERING DRAWING (ME102) 
NUMBER OF STUDENTS 
Ave Drop 
June in ave 
/90 N % % 1 2+ 2- 3 Fail Abs 
Excellent 66-90 20 78,3 14 2 3 0 1 0 
Good 5·6-65 so 78,9 - 28 9 9 0 0 4 
Sat is-
factory 46-55 56 74,0 4,9 29 3 10 4 4 6 
Borderline 36-45 46 71,3 2,7 20 5 7 5 5 4 
Fail 0-35 33 61,5 9,8 5 4 8 5 4 7 
205 72,6 
Mean spatial score = 49/90 = 54,1% 
"Pass mark" for Spatial section only of 
Problem-solving/Spatial battery = 35/90 = 39% 
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TABLE 4.8 
POPULATIONS 1, 2 AND 3 - COMPARISON OF ME102 EXAMINATION RESULTS 
OF THOSE STUDENTS WHO FAILED THE SPATIAL BATTERIES 
WITH THOSE WHO PASSED THE SPATIAL BATrERIES. 
SPATIAL FAIL SPATIAL PASS T-VALUE SIGNIFICANCE 
LEVEL 
- SD N ~ SD N x x 
1983 June ME102 45,7% 18,9% 34 69,9% 13,5% 212 7,2 0,01 
1983 Nov ME102 52,1% 12,9% 34 69,2% 11,6% 212 7,9 0,01 
1984 June ME102 50,7% 19,8% 29 77% 13% 203 7,0 0,01 
1984 Nov ME102 ' 52,4% 9,0% 22 69,3% 8,9% 194 8,4 0,01 
1985 June ME102 61,2% 16,3% 30 75,5% 13,6% 155 5,1 0,01 
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TABLE 4.9 
POPULATIONS 1, 2 AND 3 - COMPARISON OF SPATIAL SCORES 
OF THOSE STUDENTS WHO FAILED THE JUNE ME102 EXAMINATION 
WITH THOSE WHO PASSED ME102 
JUNE FAIL JUNE PASS T-VALUE SIGNIFICANCE 
LEVEL 
x SD N - SD N x 
1983 UCT 
Battery 59% 18,5% 37 81,9% 12,4% 209 7,2 0,01 
1984 Glasgow 
Battery 36~2% 9,9% 23 77 ,8% 11,0% 209 17,3 0,01 
1985 Problem-
solving/Spatial 
Battery 42% 10,9% 15 54% 13,1% 170 3,3 0,05 
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TABLE 4.10 
POPULATIONS 1 AND 2 - COMPARISON OF SPATIAL SCORES 
OF THOSE STUDENTS WHO FAILED THE NOVEMBER ME102 EXAMINATION 
WITH THOSE WHO PASSED ME102 
NOV FAIL NOV PASS T-VALUE SIGNIFICANCE 
LEVEL 
- SD N x SD N x 
1983 UCT 
Battery 63,4% 18,9% 27 80,3% 14,3% 219 4,5 0,01 
1984 Glasgow 
Battery 68,6% 13,6% 12 84,7% 9,1% 204 s •. 8 0,01 
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TABLE 4.11 
POPULATION 1 - CORRELATION MATRIX FOR 185 ENGINEERING DRAWING STUDENTS 
WITH COMPLETE DATA FOR 1983 
UCT Spargo Matric Matric June November 
Spatial Physical Maths Aggregate ME 102 ME 102 exam 
Battery Science Symbol Symbol Test Symbol 
UCT 
Spatial 1,00 0,30* -0,02 0, 19* 0,65* 0,52* 
Battery (N=273) 
Spargo 
Physical 1,00 0,10 0,46* 0,20* 0,26* 
Science Test 
Matric Maths 
Symbol 1,00 0,12 -0,01 0,00 
Matric Aggre-
gate Symbol 1,00 0,27* 0,36* 
June ME 102 
Test 1,00 0, 77* 
November 
ME 102 Exam 
Symbol 1,00 
* Significant Correlations: r /' 0,14 p ~ 0,05 
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TABLE 4.12 
POPULATION 2 - CORRELATION MATRIX FOR 232 ENGINEERING DRAWING STUDENTS 
WITH COMPLETE DATA FOR 1984 
Glasgow Spargo Matric Matric June November 
Spatial Physical Maths Aggregate ME102 ME102 Exam 
Battery Science Symbol Symbol Test Symbol 




Physical 1 0,40* 0,46* 0,29* 0,3* 
Science 
Matric 
Maths 1 0,54* 0, 10 0,22* 
Symbol 
Matric 
Aggregate 1 0,12 0, 17* 
Symbol 
June ME102 1 0,76 
Test 
November ME102 1 
Exam Symbol 
* Significant correlations r / 0, 14 p ..(. 0,05 
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TABLE 4.13 
POPULATION 3 - CORRELATION COEFFICIENTS FOR JUNE 1985 ME102 RESULTS 
WITH PROBLEM-SOLVING/SPATIAL BATI'ERY (PER SECTION) AND 
MATRICULATION SYMBOLS 
June ME102 1985 
Problems (Part 1) 0,35* . 
Problems (Part 2) 0,22* 
Problems (Total) 0,36* 
Spatial section only 0,38* 
Problems (Part 1) & Spatiat section 0,40* 
Total test i 0,41* 
i 
! 
Matric maths 0,18* 
Matric aggregate 0,17* 
Matric English 0,18* 
Matric Science 0,20* 
Spargo Science 0,28* 
* Significant correlations r '> 0, 14 p ~ 0,05 
- 99 -
TABLE 4.14 
POPULATION 1 - REGRESSION ANALYSIS - 1983 
SIGNIFICANT 
PREDICTORS 
1. UCT spatial 
battery 
June 1983 
r2 = 0,54 
2. UCT spatial battery 
+.Matriculation r2 = 0,57 
aggregate 
(N = 185) 
SIGNIFICANT 
PREDICTORS 
1. UCT spatial 
battery 
Nov 1983 
r2 = 0,52 
2. UCT spatial battery 




POPULATION 3 - REGRESSION ANALYSIS - 1985 
(N = 185) 
Significant predictors June 1985 
1. Problem-solving/Spatial battery r2 = 0,41 
2. Problem-solving/Spatial battery + 
Spargo physical science test r2 = 0,45 
Cultural N 
Groups 
ED Students 206 
DIA Students 26 






COMPARISON OF THE AVERAGE PERFORMANCE OF DIFFERENT CULTURAL GROUPS 
IN THE UCT SPATIAL BATIERY, SPARGO PHYSICAL SCIENCE TEST, 
JUNE AND NOVEMBER ME102 EXAMINATION 1983 
Spatial % Spargo % ME102 % 
Score % Difference Science Difference June % Difference 
Score % 
80,7 64 68,9 
68,6 -12,1* 56,7 -7,3* 53,2 -15,7* 
62,9 ~17,80* 62,1 -1,9 46 -22,90* 
69,9 73 55,2 
56 -13,9 SO, 1 -22,9 39,3 -15,9 
* Difference significant at 0,01 level 
ME102 % 





46,7 -11, 7 
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TABLE 4.17 
REDUCTION IN STUDENT NUMBERS .DURING THE YEAR 1984 
DUE TO ABSENTEES, DROPOUTS AND THOSE REFUSED DP'S 
No. tested No. writing No. writing· % lost 
in Feb. June ME102 Nov ME102 by Nov 
ED Students 202 191 186 7,9 
DIA Students 23 19 15 34,8 
DET.Students 22 20 13 40,9 
Shell students 14 14 12 14,3 
Non-Shell students 31 25 16 48,4 
Cultural N 
Groups 
ED Students 202 
DIA Students 23 
DET Students 22 




COMPARISON OF THE AVERAGE PERFORMANCE 
OF DIFFERENCE CULTURAL GROUPS 
IN THE GLASGOW SPATIAL BATTERY, SPARGO PHYSICAL SCIENCE TEST 
JUNE AND NOVEMBER ME102 EXAMINATION 1984 
Spatial % Spargo % ME102 % 
Score % Difference Science Difference June % Difference 
Score % 
85,1 61,8 76,7 
77,2 - 7,9 55,3 -6,5 66,5 -10,2 
64,9 -20,2 52,2 -9,6 52 -24,7 
77,2 65,1 70,5 
68,5 - 8,7 47,9 -17,2 52,6 -17,9 
ME102 % 





56,3 - 5,7 
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TABLE 4.19 
COMPARISON OF THE AVERAGE PERFORMANCE 
OF DIFFERENCE CULTURAL GROUPS 
IN MATRIC MATHEMATICS AND MATRIC AGGREGATE (1983) 
Cultural Groups N Maths % Aggregate % 
ED Students 206 64,8 67,3 
DIA Students 26 66,9 61,9 
DET Students 23 65,7 59,0 
Shell students 14 68,5 65,4 
Non-shell students 12 64,6 54,4 
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TABLE 4.20 
COMPARISON OF THE AVERAGE PERFORMANCE 
OF DIFFERENT .CULTURAL GROUPS 
IN MATRIC MATHEMATICS AND MATRIC AGGREGATE (1984) 
Cultural groups N Maths % Aggregate % 
ED Students 202 67,1 66,3 
DIA Students 23 64,8 63,5 
DET Students 22 63,6 59,1 
Shell students 14 70,0 67,9 









June ME 102 
Result 




POPULATION 1 - CORRELATION MATRIX FOR 
18 DET ENGINEERING DRAWING STUDENTS 1983 
UCT Spargo Matric Matric 
Spatial Physical Maths Aggregate 
Battery Science Symbol Symbol 
1 0,48* 0,22 0,52* 
1 0 0,62* 
1 0,29 
1 
* Significant correlations: 












POPULATION 1 - CORRELATION MATRIX FOR 
144 ED ENGINEERING DRAWING STUDENTS 1983 
UCT Spargo Matric Matric June November 
Spatial Physical Maths Aggregate ME102 ME102 
Battery Science Symbol Symbol Result Symbol 
UCT Spatial 
Battery 1 0,30* 0,12 0,07 0,49* 0,47* 
Spargo Physical 
Science test 1 0,48* 0,47* 0,17 0,25* 
Matric Maths 
Symbol 1 0,68* 0,19* 0,28* 
Matric Aggregate 
Symbol 1 0,17 0,33* 
June ME 102 
Result 1 0,73* 
November ME 102 
Symbol 1 
* Significant correlations: 
r / 0,17 p /_. 0,05 
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TABLE 4.23 
POPULATION 1 - CORRELATION MATRIX FOR 
20 DIA ENGINEERING DRAWING STUDENTS 1983 
UCT Spargo Matric Matric June November 
Spatial Physical Maths Aggregate ME102 ME102 
Battery Science Symbol Symbol Result Symbol 
UCT Spatial 
Battery 1 -0,01 -0,04 -0,04 0,38 0,49* 
Spargo Physical· 
Science Test 1 0,05 0,33 -0,16 0,12 
Matric Maths 
Symbol 1 0,62* 0,08 -0,04 
Matric Aggregate 
Symbol 1 -0,01 0,02 
June ME102 
Result 1 0,74* 
November ME102 
Symbol 1 
* Significant correlations: 
r / 0,42 p L... 0,05 
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TABLE 4.24 
POPULATION 2 - CORRELATION MATRIX FOR 
10 DET ENGINEERING DRAWING STUDENTS 1984 
Glasgow Spargo Matric Matric June November 
Spatial Physical Maths Aggregate ME102 MR102 
Battery Science Symbol Symbol Result Symbol 
Glasgow Spatial 
Battery 1 0,68* 0,23 -0,09 0,87* 0,67* 
Spargo Physical 
Science Test 1 0,23 0,28 0,72* 0,46 
Matric Maths 
Symbol 1 0,73* 0, 13 0,56 
Matric Aggregate 
Symbol 1 0, 14 0,37 
June ME102 




r / 0,58 p ~ 0,05 
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TABLE 4.25 
POPULATION 2 - CORRELATION MATRIX 
FOR 186 ED ENGINEERING DRAWING STUDENTS 1984 
Glasgow Spargo Matric Matric June November 
Spatial Physical Maths Aggregate ME102 ME102 
Battery Science Symbol Symbol Result Symbol 
Glasgow Spatial 
Battery 1 0,26* 0,16* 0, 12 0,49* 0,52* 
Spargo Physical 
Science Test 1 0,42* 0,45* 0,21* 0,21* 
Matric Maths 
Symbol 1 0,54* 0, 13 0,09 
Matric Aggregate 






r / 0, 14 p t.. 0,05 
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TABLE 4.26 
POPULATION 2 - CORRELATION MATRIX 
FOR 14 DIA ENGINEERING DRAWING STUDENTS 1984 
Glasgow Spargo Matric Matric June November 
Spatial Physical Maths Aggregate ME102 ME102 
Battery Science Symbol Symbol Result Symbol 
Glasgow Spatial 
Battery 1 0,54* -0,12 0,21 0,72* 0,78* 
Spargo Physical 
Science Test 1 0,26 0,63* 0,45 0,51* 
Matric Maths 
Symbol 1 0,52* -0,10 -0,05 
Matric Aggregate. 
Symbol 1 0,24 0,45 
June ME102 




r / 0,50 p L_ 0,05 
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TABLE 4.27 
POPULATION 1 - DET STUDENTS - REGRESSION ANALYSIS 
(N = 18) 
Significant ME102 
Predictors June 1983 
1. Spatial Battery r2 = 0,48 
2. Spargo Science test · r2 = 0,49 
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TABLE 4.28 
POPULATION 1 - DIA STUDENTS - REGRESSION ANALYSIS 
(N = 20) 
Significant ME102 
Predictors Nov. 1983 
1. Spatial battery r2 = 0,49 
2. Spatial score* + 
Science test + 
Matric maths + r2 = 0,51 
Matric aggregate 





POPULATION 1 - ED STUDENTS - REGRESSION ANALYSIS 
(N = 144) 
Significant ME102 Significant ME102 
Predictors June 1983 Predictors Nov 1983 
1. Spatial battery r2= 0,49 1. Spatial battery r2= 0,47 




A COMPARISON OF SIGNIFICANT CORRELATIONS 
CALCULATED BETWEEN SELECTED INDEPENDENT VARIABLES 
AND THE CRITERION SCORE JUNE 1984 ME102 
Glasgow Spargo Matric English Matric EngFsh Matric English 
Spatial Physical Results '83 (All) Results 1st Lang. Results 2nd Lang. 
Battery Science 
1984 N = 214 N = 214 N = 206 N = 174 N = 32 
June r = 0,66* r = 0, 22~~ r = 0,15* r = 0,09 r = 0, 15 
ME102 Not Not 
Result Significant Significant 
* Significant, p ,(_ 0,05 
r / 0,14 
TABLE 4.31 
A COMPARISON OF THE PERFORMANCE OF 
ENGLISH FIRST LANGUAGE STUDENTS WITH 
ENGLIGH SECOND LANGUAGE STUDENTS 
English First Language English Second Language 
(Population El) (Population E2) 
. 
1984 N Mean % SD % N Mean % SD % T p 
Glasgow 
Spatial 169 85,2 8,9 22 73,9 13,2 3,9 0,01 
Battery 
June 
ME102 174 77 ,07 13,3 32 56,09 22,6 5, 1 0,01 
Result 
November 




A COMPARISON OF UCT AND TECHNIKON STUDENTS' RESULTS 
IN THE 1985 PROBLEM-SOLVING/SPATIAL BATTERY 
Problem solving component Spatial component 
N Mean % SD % Mean % SD % 
UCT Students 214 41,7 12,8 54,1 15,6 
Technikon 
Students 178 38,2 11,1 49,4 14,8 
- 118 -
CHAPTER FIVE 
DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS 
In this final chapter a brief summary of the present investigation is 
presented with reference to the major findings, and recommendations are 
made for future research. 
5.1 PREDICTION OF ME102 RESULTS 
The three different spatial batteries used during 1983, 1984 and 1985 
were all shown to be the most important predictors of the ME102 
results in June and in November, and in many instances were found to 
be even better predictors than those utilised at the University of the 
Witwatersrand. 
It is clear that the predictive validity of these pencil-and-paper 
tests of spatial ability decreases with increasing time (from June to 
November) probably due to the spatial learning that occurs by students 
during the academic year. It should also be noted that the November 
ME102 results are modified by the examiner while the results of the 
June test are left unmodified, which may account for the better 
prediction of the mid-year scores. 
Rochford (1984) observed the same phenomenon and attributed the 
decline in predictive validity to the hypothesis that spatial learning 
occurs during the academic year. 
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The implication of this finding is that university lecturers are 
strongly advised not to use spatial tests as a tool to exclude 
prospective students from a course of study in engineering drawing. 
The major advantage of using a spatial test on a group of first year 
students is that the scores give an indication of those students 
likely to need special academic support in this area - either in the 
form of special remedial drawing classes, or possibly being advised to 
take the five-year degree course instead of the four-year option at 
the University of Cape Town. 
Other measures of the students' ability which are available (e.g. 
Matriculation symbols) do not give any significant insights into 
potential problems in the area of engineering drawing. 
The successful selection of students for special academic support in 
engineering drawing using the results of pencil-and-paper tests of 
spatial ability has also occurred at the University of the 
Witwatersrand. The resulting improvement of the pass rate in the EAD 
course bears out the success of the project as a whole. 
In 1985 at UCT, the first small group of engineering students has·been 
selected for an academic support course in engineering drawing, using 
(among other indicators of performance) their spatial scores on the 
Problem-solving/Spatial battery. However there is still scope for a 
great deal of research in refining the spatial batteries to improve 
predictive validities, and for following through the progress of those 
students receiving academic support in order to assess the 
effectiveness of the courses. 
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5.2 DESIGN OF A DIAGNOSTIC/PREDICTIVE BATTERY 
In an attempt to optimise the design of a diagnostic/predictive 
battery, three different batteries were used during 1983, 1984 and 
1985. 
The UCT spatial battery (1983) and the Glasgow spatial battery (1984) 
were fairly similar in format. The time limits set allowed most 
students to complete all the questions. The resulting correlation 
coefficients calculated with June and November ME102 results were 
similar. 
The Problem-solving/Spatial battery (1985) was a combination of the 
sort of spatial questions set in previous years (Sections three and 
four) and two new sections covering problem-solving (Sections one and 
two). The time limits set allowed very few, if any, candidates to 
complete each section. 
It was surprising to note that both the UCT and the Technikon students 
fared so poorly in Section two (consisting of thirteen problems) 
compared to Section one (consisting of twelve problems) (see 
Table 3.3). The problems in each section were selected randomly from 
a group of twenty-five problems, the only consideration being 'that of 
keeping the spread across the different varieties of problem uniform 
in both sections. The same time period was allowed in each case. 
Section two was therefore not intended to be more difficult than 
Section one. 
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The explanation suggested by the drawing lecturer was that the 
students found the overall test too long and rather difficult, so 
became tired and disheartened. Section two was poorly answered and 
the drop in correlation coefficients with June ME102 from 0,35 (for 
Section one) to 0,22 (for Section two) reflects this. 
A feeling of discouragement about the length and difficulty of the 
test may also account for the low averages achieved in the Spatial 
area (Sections three and four) in 1985 compared to the results of 
previous years. Sections three and four were fairly similar to the 
Glasgow and UCT Spatial batteries where engineering first year 
l'rleD.V'\S of' 
students scored ~82,9% and 74,4% respectively (see Tables 3.1, 3.2 and 
ldl· Correlations between the spatial portion (Sections three and 
four) and June ME102 were very much lower than those calculated in 
previous years. It is intended to reverse the order of the test in 
the future, placing the spatial section first, with Problems: Section 
one second and omitting Problems: Section two altogether. 
The Problem-solving scores may be used for the long-term prediction of 
success in engineering studies in later years of the B.Sc. (Eng) 
degree, but this awaits further investigation. 
It has been established that remedial work with students having good 
spatial ability, but poor problem-solving ability (as indicated by the 
tests) is not as effective as remedial work with students having poor 
spatial ability but good problem-solving ability at the University of 
the Witwatersrand. (Van der Merwe, 1984: Private communication). 
-------------------- ---
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Further research into the spatial abilities and academic support needs 
of engineering students should investigate the problem-solving aspect 
in greater detail. This links up with the work done by Potter and van 
der Merwe (1983; 1984) at the University of the Witwatersrand, and the 
opinions expressed by Kemp (1983) on the importance of problem-solving 
in successful engineers. 
5.3 CROSS-CULTURAL STUDY 
The mean spatial battery scores of the students from the three 
distinct "cultural" groups are clearly different. The same three 
groups also show significantly different June and November ME102 
results. However, there are no significant differences between the 
Matriculation mathematics mark achieved within each separate education 
system provided for each group (Department of Education and Training 
for Blacks, Department of Internal Affairs for Coloureds, and 
Department of Education for Whites). 
The implication of this finding underlines the huge disparities in the 
home background and/or quality of education offered by the different 
systems and the problems faced by those students who are products of 
an inferior and inadequate social system. An urgent need for reform 
in the official education system in South Africa is emphasised. All 
efforts must be made to provide education of equal quality with 
respect to standard of teaching, curricula and educational facilities, 
irrespective of race group. 
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This is further suggested by the fact that the Shell scholars, who are 
exposed to the "White" education system for a post-matric year at a 
private school, performed significantly better than their Non-Shell 
peers of the same cultural groups who emerge from the same educational 
systems (although the former were selected on merit and potential). 
The incorporation of technical drawing into the curr.iculum at high 
school level for those students wishing to pursue a scientific career 
may be a good idea. Rochford (1984) points out in his work with 
anatomy and astronomy students that poor spatial ability is associated 
with problems in the pursuit of many scientific subjects. 
The findings on the effectiveness of any special academic support 
methods developed will be of great use for improving education methods 
in all schools, but will be of particular interest in the Black and 
Coloured communities where the educatioll'.l\ needs of the school-going 
population as well as the adult population are the greatest. 
5.4 CONCLUSIONS 
The main conclusions from this three-year investigation may be 
summarized as follows: 
1. Achievement in the mid-year 
engineering drawing examinations 
significantly related to scores 
tests of spatial ability given 
lectures. 
(June) and final (November) 
(ME102) has been shown to be 
obtained in pencil and paper 
on or before commencement of 
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2. It has been shown that the different spatial batteries used in 
each successive year are the single most powerful predictors of 
performance in engineering drawing. This result holds true 
irrespective of the cultural group of the sample. 
3. There is a significant difference in the performance of students 
originating in the different education systems provided for each 
cultural group, with respect to spatial battery results and 
mid-year and year-end engineering drawing results. 
4. The Shell bursary 
their peers of the 
the same education 
students perform significantly better than 
same cultural group and who originated from 
system, · at both the spatial battery and the 
engineering· drawing course. 
S. Students taking English as a first language at matriculation 
level (implying English is the mother-tongue) perform 
significantly better at engineering drawing at UCT than those 
taking English as a second language (implying English is not the 
mother-tongue). 
6. The performance of UCT first year engineering degree students in 
the Problem-solving/Spatial battery is not significantly 
different from that of Technikon first year engineering diploma 
students in the same geographical region of the Cape Peninsula of 
South Africa. 
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A P P E N D I X 0 N E 
1.1 
UC T S P A T I A L B A T T E R Y 
NAME: 
I ROTATION AND VISUALIZATION IN THREE DIMENSIONS 
Each of the following eight items consists of a block with an opening or 
openings and five other blocks with projecting points. 
From the alternative blocks in each item chose the one whose projecting 
point or points fit exactly into the block with the opening or openings. 
In each item there is only one block which fits. 
Example 
a. 
A. B. c. D. 
Block B is the only one that fits exactly on the block with the openings in 
such a way that the projecting points fit into the openings. You would 
write "B" in the brackets in front of a, thus: ( B ) a. 
Attempt an answer to every question, even if sometimes you have to guess. 
1.2 
E. 
( ) 1. 1.3 
c. 
( ) 2. 
A. 
( ) 3. 
A. 
c. 
( ) 4. l.4 
---==--=~~c. ~-s. A- D. 











( ) 6. 





c. D. E. 




II ROTATION OF CUBES 
Find the one cube that does not belong with the other four, and write 
your answer inside the brackets in front of the number of each item. 
The cubes may be rotated or turned over in any direction. In every case 
four of the five cubes are identical. Name the odd one out. 
} 1. + 
A 8 c D 
,,\\~~~ \~~~·'' 
) 2. 0 ,j' 0 i-





) 3. ~ 
CJ ~ -~ 
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) 4. 




III SPATIAL SYNTHESIS TEST 
When any object, such as a brick, is placed on a table, it can be cut into two 
parts in many ways. In this test we will make only three different cuts which 
we will call (i) a north-south vertical cut; (ii) an east-west vertical cut; and 
(iii) a horizontal cut. 
Suppose, for example, we wish to saw in half a long block of wood which has 
two square ends:-
(i) The north-south vertical cut 
NORTH 
t 
I 1.1_ -·~ 
i 
In the above diagram the block has been sawn in half by a north-south vertical cut. 
The shaded section indicates the newly-sawn face of the wood, and is, in fact, a 
square. 
(ii) The east-west vertical cut 




In the preceding diagram the original block has been sawn in ·half by an east-west 
vertical cut. The shaded section indicates the newly-sawn face of the wood, and is 
a rectangle. 
(iii) The horizontal cut 
I 11 ,,._ __v 
/__ -
In the above diagram the original block has been sawn in half by a horizontal cut. 
The shaded section indicates the newly-sawn face of the wood, and, in this case, 
is also a rectangle. 
In the following items you are given diagrams of the north-south vertical section, 
the east-west vertical section and the horizontal section through a three-dimensional 
object. You are required to deduce the shape of the whole object from its three 
sections, and to sketch it in the empty space alongside its sections. 
There is only ~answer per item, i.e. ~ three-dimensional object deduced from 
the three two-dimensional sections drawn. If you make a mistake with your sketch, 
draw your improved sketch on the back of this page, and number the item appropriately. 
Finally, describe each object in words by giving it a label or name, e.g. 
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NORTH-SOUTH EAST-WEST HORIZONTAL 
VERTICAL SECTION VERTICAL SECTION SECTION ANSWER 
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Nl-IME 
IV . SECTIONING TEST. 
The five objects given below are to be viewed when sectioned in three planes at right 
angles to each other, as described in the previous test. for each section begin 
with the original object, slice it in the plane indicated, and sketch the 
appearance of the resulting two-dimensional section. 
NORTH-SOUTH EAST-WEST HORIZONTAL 
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PENCIL, DF 
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SP A TIAL TEST 
SECTION 2 
Example: 
A model is shown here labelled (a). 






There are six faces, sames as (b) in model (a). 









How many faces, same as (b) are 
there in model (a) which is a 
regular tetrahedron? 
How many edges of equal length 
are there in regular tetrahedron (a) 
How many lines equal in length to 
dotted line shown in (b), can be 
drawn in cube (a)? 
How many edges of equal length are 
there in regular octahedron (a)? 
How many lines equal in length to 
dotted line shown in (b) can be 
drawn in cube (a)? 
How many triangular faces equal to 
(b), are in regular octahedron (a)? 
How many lines equal in length to 
dotted line shown in (b), can be 
drawn in regular octahedron (a)? 
How many lines equal in length to 
dotted line shown in (b), can be 





Taking the centre line to be a mirror, model (b) will be the mirror image of 
model (a), viewed in that position. 






Taking the dividing line to be the mirror, which of the objects opposite will be 
the mirror image of the object in the left-hand column in that position? Mark 
your answer on the Answer Sheet provided. 
1.16 
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SP A TIAL TEST 
SECTION 4 
Example: On the left-hand side there is the drawing of a shape which, when 
turned round, on the page, is shown by one of the drawings opposite. 
The correct answer is the third drawing, so this one has been ticked. 
Now do the following: 
The drawing on the left-hand side has been turned round, on the page, and 
1.17 
is shown by one of the drawings opposite. Mark your answer on the Answer Sheet provided 
SP A TIAL TEST 
SECTION 5 
The objects in this section have A, B, C and D in the positions of the four 
corners of a regular tetrahedron. 
In each example, one arm of the model is held, and the model is rotated around 
that arm. 
Example: 
Object 1 is the same as (a). 
Now do the following: 
Which of the objects below 
shows model (a) after rotation, 
with the model being held at 
A. 
The objects in the left-hand column are rotated, holding one arm. Which 
diagram opposite shows that same object after rotation? 
Mark your answer on the Answer Sheet provided. 
i. A A ·A A 
:OA: >k ~~~ e~g 







The objects shown in this section are all regular tetrahedra. 
Example: 
A 
This tetrahedron is 
rotated in different 
directions. 
Now do the following: 
Which one of these tetrahedra shows that 
same tetrahedron after rotation? 
No. 4 is the same tetrahedron. 
The tetrahedra in the left-hand column are rotated. Which diagram(s) 
opposite show(s) the same tetrahedron after rotation? Mark your answer on 




SP A TIAL TEST 
SECTION 7 
Example: In this section the models are made up of blocks of wood. These 
blocks are all of the same size, as shown. 
In the model shown here, three of the blocks are marked A, B and 
C. How many faces of other blocks does each of these lettered 
blocks touch? 
Each block is of the 
same size. 
In this drawing A is touching five blocks; B is touching five blocks; C is 
touching two blocks . 
. Now do the following: 
In each of the models shown, find out how many blocks A, B and C are touching 




























SP A TIAL TEST 
SECTION 8 




...... ~- .. ---• I 
I 
The shaded area is then 
drawings represents how 
i-} D 
cut out and the paper unfolded. Which of the 







The ticked drawing is the correct one. 
Now do the following: 
following 
The square of paper is folded along the dotted lines as shown, then the shaded 
area is cut out. Which of the drawings opposite represents the paper when 























.. ·----·----I .. 
I 
- - .J __ _ 
' ' let) I 
© cdl 
I I I 
I I I 
I I 
---~-I 4a.' ~1 T 
I • 









In this section the paper is folded in different ways. On the left-hand side the 
diagrams show the different stages of paper folding. In the third diagram the 
shaded area shows the cut out section. After unfolding the square of paper, 
which diagram on the right-hand side is the correct representation of how it 
will look? Mark your answer on the Answer Sheet provided . 
.-------; r--------, 
I I I I 
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Example: This drawing represents a block of wood which is sawn vertically 
in two, in the position indicated by the dotted line. 
When the two parts of the block of wood are pulled apart, the cut face will 
be the same shape as one of the following drawings. 
! 
D D 
The correct shape has been ticked. 
Now do the following: 
The block of wood in the left...;hand column has been sawn in two vertically, 
as indicated. Which drawing opposite shows the shape of the resulting cut 
face? Mark your answer on the Answer Sheet provided. 
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TEST OF PROBLEM SOLVING AND 
' 
SP AT I AL AB I LI TY 
I 
AC KN OWLE OGE ME NTS 
C.S.POTTE R 
E. VAN DER MERWE 
UNDERGRADUATE CADET SCHEME 
UNIVERSITY OF THE WITWATERSRAND 
•, 
INSTRUCTIONS 
The first two sections invite you to solve problems of a varied 
nature~ You will be provided with rough paper on which to work, 
but DO NOT draw or make marks in this test booklet. 





Each problem is set out on a separate sheet of paper.Your task 
for each probl~m is to select the correct answer from the 
alternatives given and fill it in on the ANSWER SHEET provided. 





Work as quickly and accurately as you can.Indicate your answers 
in pencil on the ANSWER SHEETS provided• 
On the next page is an_example of the type of problem given in 




A monkey weighing fif1y kilograms 
is climbing a rope. The rope goes over 
a pulley and is fastened on the other 
siue to a fifly-kilogram weight. The 
pulley rotates without friction around 
a fixed axis; 
The monkey is doing enough work 
to climb forty centimeters per second 
if the rope was fixed. 
Docs the monkey go up or down? 
How fast? 
(a) 40cm per second up 
(b) 20cm per second up 
(c) The monkey stays stationary 
(d) 2oem per second down 
(e) 40cm per second down 
The c~rrect answer is given on the following page. 
2 
3 
The correct answer is 20cm per second up. 
(b) is thus the correct alternative. 
Make a cross x i n ( h ) n e x t to the row ma r k e d "EX AMPLE " on you r 
ANSWER SHEET 
A time limit is imposed 
SECTION ONF. 15 MINUTES 
SECTION TWO 15 MINUTES 
SECTION TllREF. 5 MINUTES 
SECTION FOUR 5 MINUTES 
no NOT GO ON WITH TllF. NEXT SECTION UNTIL TOLD TO DO so. 
Make sure that you always mark your answer sheet by crossing the 
correct box next to the number of the question you are 
answering.If you make a mistake use an eraser to erase the 
incorrect answer and then put a cross in the correct box to 
indicate the chosen alternative. 
Are there any questions? 
Are you ready? You hav~ 15 minutes to do SECTION ONE. 
7 I SECTION ONE J (1s MINUTES J 
1 If only the right-hand half of t~e model rep=ese~ted in 
the drawing below must be built, choose the correct model 
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~261 i 









Five con'structions a.ra given. 














4 How many triangles are thera in the diagram.? 
Can you count them methodically enough not 





( e) 1 1 
7 
5 Which t~o matches should you remove so that 
only t~o squares are left? 
(a) i and 8 




(d) and 2 
(e) and 3 
a 
9 
6 Two views of a l!lOdel are represented below. 
Choose the correct model from the five alternatives. 
~ 
1~ ~ ,; 
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I fjB 
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8 Ho~ many rectangles are there in the diagram? 








9 Which codel lS represented in the following drawing? 
20 thick 
(a) (b) (c) 
(d) (e) 
10 Bow many bishops do you have to place on a chessboard 
so that each square is: 
occupied by a bishop 
or threacened by ac least one bishop ? 
(A bishop can move any nt.!I!lber of squares .diagonally) 
~ ~ 0 0 }Y 
~' / c; 
~ 
0 1f " 
I-· ~ ~ a {1 
~I t iJ, x 0 Y. / 
/ ~ 
\) lI .' c' ' 0 / '\ 
·0 / \\ c J c y / 
/ 
,/ 
(; ~ D & '0 v 
» ti "' 
.) "f () y ~ 
(a) 6 
(b) 9 





11 Five constructions are given. 
One is not the same -which one? 
(a) (b) 
(c) 
12 Timothy wants to saw a cube of wood into twenty-seven 
equal cubes. 
During the work, if several pieces are already sawed, 
he can arrange them as he pleases, then saw through 
all of them with one cut. 










WAIT FOR FURTHER INSTRUCTIONS 
(a) 
(SECTION TWO ) l ... 1.s--M-1N_u_r_e_s_I 
1 A quarter section LS :e~oved from the model. Which 













2 The side of the small square is one metre and, the side 
of the large square one and a half metres. 
One vertex of the large square is at the centre of the 
small square. 
The side of the large square c~ts t~o sides of the small 
square into one-third parts and t~o-thirds parts. 
What is the area ~here the squares overlap? 
(a) one-i:hi=d square :net re 
(b) one-fif:h square metre 
(c) one-quarter square :net re 
(d) c;;o-thircs square mec:-c 

























4 Among c:he t-. ive dr . - awings 
tour ar . , . e ident:ical 





5 An air squadron has about fifty planes. Its flight 
pattern is an equilateral triangle; every plane except 
the first is halfYay bet~een tYo planes ahead of it. 
Several planes are shot dow-n in combat. When the 
squadron returns, the planes form four equilateral 
triangles. Th.e lost p Lanes could have formed another 
equilateral triangle. 
If all these triangles are different 1n size, ho~ r::iany 







6 I£ only the left-hand half of the ~odel is to be built 
froc the drawing below, choosa the correct model from 
the five alternatives. 
,-© 
\ I 

































8 How many triangles are there ln the diagram? 











!f a quarter section is =emoved from t~e model, ~hich 









10 How many reccanglas are there in the diagram? (Note: A 
squara is a rectangle) 
(a) l 3 
(b) 10 




11 Which six mat~hes should you re~ove, ~ithout 
changing the position of the others, so that 
only three squares are left? 
NB: All the remaining•squares must be of 
different sizes. 
(a) 1 3; 1 4; 1 6; 1 7; 18; 19 
(b) 14; 15; 1 6; 1 7; 18; 1 9 
(c) 1 3; 1 4; 1 9; 20; 22; 23 
(d) 1 5; 1 6; 1 7 ; 1 8; 19; 20 
(e) 1 3 ; 1 4; 1 9; 20; i l ; 24 
27 
28 
-12 W"'ni.:h imdel will the following components fit:1 
-
[!]© -~ ~ ~ 
® fi [!] [!] [j ~~ ~ .. - - - - - - -
13 A sn~il has under~aken to climb a pile of ten bricks. 
It can climb four bricks in an hour. But then, 
since the effor~ has been ex~remely tiri~g, it.must 
sleep for an hour, during T.Jhich it slips down three 
bricks. 
How long will the snail take to reach the top of the 
pile? 
~-
(a) 10 hours 
(b) 12 hours 
(c) 20 hours 
(d) 1 5 hours 





WAIT FOR FURTHER INSTRUCTIONS 
I 5 MINUTES 
INSTRUCTIONS 
' On this page ore some exercises in finding objects mode from piece5 of 
metal or cardboard. Look at exercise 1 below. 
At the left is o drawing which represents o flat piece of metal. The dotted 
lines show where the metal is to be bent, At the right ore drawings of four 
1 objects. Notice that only object D can be mode by bending the metal 
piece in figure 1. Therefore, D is the correct answer. 
' I 
look at exercise 2. 
2. A I c D 
· At the left i' another drawing of o flat plece of metal. Only object C con 
be mode from fi!=jure 2, this time by bOth rolling and bending the metal. 
C has been chosen as the answer. 
,Look at them but _do not ma~k this page. 
Here ore some more exercises tor practice. 
h (jJ ' i 
. 3. A B c 0 
~-~ ~ 6J 






s. A 8 c D 
Do not turn this page until you ore told to do so. 
On the following pages ore more exercises like th~e. In eoch exercise 
only one object con be mode from the flat piece of metal by either bending, 
orrollingorboth. Choose its letter on the ANSWER SHEET. 
Work as fast and accurately as you can. 
You will be allowed Sminutes. 
0 
] 31 
I- SECTION THREE J 32 
A I c D 
2 
! I 
I i I I : I I I I • • • • I 
I I ' I I I 1· • I ' ! ! I I . . 
i ~ ~ ~ 
2. r A 8 c 0 
3 
~ lii [Ji .. - ~ (j 1::3 
A • c D 
<l'J\\ <)\ 
4 
4. A • c o· 
5 
CY~ LiJ ~ 
~. A B c D 
GO ON TO THE NEXT PAGE. 
33 
A B c D 
7 
A B c D 
g ' 
8. A B c D . 
i l 9. A . e c D 
10 
.10. A e c D 








12. A 8 c 0 
I!. A B c D 
14. A 8 c D 
\5 
15. A 8 c 0 
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I I I 
I I I 
I • I I I I I 
I I I I I 
• I I I I ~ . . 
16. c D 
\1 
11 LJP 
IT. A B c 0 
1i 
8 c 0 
'" 
19. A B c D 
20. 

























l 26. A e c D 
;l/ 
~ ~ ~ 
27. A B c D 
D 
A B c 28. 
29. A a c 0 
~ CJ (JI 
30 
~ 
,0. A B c 
D 
GO ON TO THE NEXT PAGE •. 
38 
3\ 
~ w ~ . ~ I ·~ 
31. A I c D 
3i 
------- ~an 
32. A l!I c D 
33 
~~ ~ o: I 
I I I 
I I I I I I I I I I I I I I I I 
~ I I I I I I 
3l. A B c 0 -
~ 
(j\ 61 (j 6' 
34. A B c D 
35 
A 8 c 0 
GO ON TO THE NEXT PAGE. 
_J 
39 
:36. A B c 0 
A 8 c 0 
3& 
fl El [J 
38 A 8 c 0 
3~ 
~ ~ ti ~ 
39. A 8 c 0 
4o 
40. A 8 c 
40 
STOP 
WAIT FOR FURTHER INSTRUCTIONS 
41 
YOU HAVE FIVE MINUTES IN TOTAL FOR SECTION FOUR A,B,C 
Here is a square 
SECTION FOUR - PART A 
PRACTICE TEST 
PAPER FOLDING 
A It is folded in half. And then in half again. 
I 
-----'-----
The dotted lines show the folds. 
Suppose you cut away a piece from the folded square B, it might look like this: 
The shaded part is the cutaway part. 
What would it look like if you unfolded the whole square again? 
Like this: 




When the folded square B has a piece cut off one side as shown by the shading, and it is then 















- - - ....... - -----'·----
2 3 4 
SECTION FOUR- PART A 
'PA PER FOLDING 
.. 
h;it will thP p;iper look likP whPn it is unfolded after bein?, cut 












(Cl.) (b) (c) (d) 
~~rn~~ 
ilJ tIW [fl] [] ~ 
IJ El] [Ii] 5] • 
~ . [!] [jJ [;j ~ 






Go Straight On To The Next Page 
42 
SECflON FOUR - PART A 
· PA PER FQLDING.~-
can ti nue .1s On 1.1st fli1f'f'.llOWC'Vl'r, this tfme the j)Clfler fi:; folded 
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43 
SECTION FOUR - PART B 
PRACTICE TEST 
BLOCK CROSS-SECTIONS 
This diagram represents a wooden block wh!ch is 
to be sawn vertically into two parts in the place shown 
by the dotted lines. 
In this next diagram the two halves are moved 
apart to show the cut face. This cut face is shaded. 
The cut face is the same shapt as one of these 
three drawings. 







What would be the shape of the cut face if the block shown below is cut where shown? 
DO NOT write on this page. 
- ---[-.. 
B c 
Go Straight On To The Next Page 
,44 
SECT., ION FOUR - PART B 4 5 
BLOCK CROSS - SECTIONS 
Each question shows a block of wood. Imagine a cut made where shown by the dotted !Ines. 
What would he th<> sh;:ipes of the cut fac<>s if th.e blocks below 
were cut where shown? Put a cross in the correct block on your 
ANSWF.R SfiF.F.T. 
BLOCKS 
7. f- ---------1 













Carry Straight On To The Next Page 
. .,, 
ECT'ION FOUR - PART B 46 .. 
S -- SECTIONS 
Continue As On The Last Page 




12 &3T O,A / c B D 6 \ 
13 rV-~1. <:; D 
14 ~1 ~~ B I~ c I~ 
f' -_/ ---i 
15 
~ I C ) ~ J r-1 l 
D 
A B c D 
, - -'{ A B C D 
16 r ~ OD£J ~ rn1l 
17 r- --_-_- o o t1 o 
.B 
18 0 
A .B C D 
19 l~ C> C> C=> C=> 
20 r~:-1 o: o: a a 
Carry Straight On To The Next Page 
ECT"ION FOUR- PART C .. 
Toe VIEWS 
PRACTICE TEST 
Below. is a model made of blocks placed together and next to it are four drawings. One of 
these drawings shows the view of the model looking down on it from above. 
x-
MODEL A B c D 
A cross (X) has been placed on diagram C because it shows the view looking down on the 
model from above. 
TRIAL QUESTIONS 
Place a cross (X) on the diagram (A, B, C or D) which you think shows the model if you 
were looking down on it from above. 
1 
- -
MODEL A c D 
2 
-
A B c D 
Go Straight On To The Next Page 
47 
ECTION FOUR - PART C 
;,.rTOP VIEWS 
On each line the left-hand drawing shows several blocks placed together. Choose 
one of the four drawings on the right of the thick black line which shows the view look111g 
48 
downontheblocks. Put rt cross in tlif' corrPct hlock on your ANSWER SHF.F.T. 
A B C D 
LP DJ [b ep: 
A B c D 
LE@ rn 2 B [be [p .-. ' -D 
8V gJ 3 c []JD 
B 4 
A B dJ I ./ c ' ~/ _ __,~ 
5 











UNIVERSITY OF CAPE TOWN 
DEPARTMENT OF MECHANICAL ENGINEERING 
UNIVERSITY EXAMINATION 
ENGINEERING DRAWING : NOVEMBER 1904 
B.Sc. in Meechanical En9ineerin9 
Time : FOUR Hours 
Internal examiner 
External examiner 
Mr. A. Sass 
Mr. A.H. Hofmeyr 
1. Write your name on ALL SIX worksheets. 
2. Complete~ worksheets. 
3. All worksheets are of the same value. 
4. Credli will only be 9iven for solutions where the construction or method is 
clearly shown. Presentation is threrfore important. 
5. All ortho9raphic projections are in third an9le. 
6. All Worksheets, whether attempted or not, must be handed in at the end of 
the examination period. 
7. Remove any maskin9 tape or staples from the worksheets and see that the 
sheets are arran9ed in the order as presented. 
0. New sheets will only be available in exchan9e for spoilt sheets. 
I 
~ The incomplete front and top views cf a 
hollow object termed by the intersection ct a 
trlan9ular prism and a square prism. The points A, 
B, C, and Dare all In the same plane. Band Dare 
the same distance tram the horizontal reference 
plane. 
Required: Complete the two views 
ri9ht side view of the object. 
detail except in the side view. 
and project a 
Show all hidden 
SURNAME INITIALS 
WORK SHEET ESTIMATED ACTUAL 
DESK NO MARKS 




EXERCISES IN ENGINEERING GRAPHICS ANO DESIGN Minutes Minutes 






EXERCISES IN ENGINEERING GRAPHICS ANO DESIGN 
Given: The incomplete front and top views of a hollow object 
fDriiied by the intersection ot a ri9ht circular cone and 
sphere. 
Required: Complete the two views showin~ all hidden detail. 
Then, In the space provided, draw a full development of the 
cone. The development must be symmetrically spaced about the 
point A. 
SCALE 1 : 1 ESTIMATED! ACTUAL 
~--------~ TIME . TIME 
+ 
A 












Given: The position and 5hapes of the ends of two ducts. 
One of the ducts is semicircular the other has the shape of 
a trapezium. 
Required: Design a transition piece ~o join the two ducts 
and then develop the trasition piece in the space provided. 
Any construction must be clearly labelled and told lines 







Given: The centre line of a proposed road is shown on the 
contour map above. The road is to be 20 metres wide with an 
elevation of 90 metres at A. From A the road is to have a 
downward slope of I in 6. Cuttin9s and embankments are to 
have a slope of 45 degrees. 
I WORK SHEET SCALE 1 : 1000 
Question FOUR 
nAH 
Required: Show the limits of the cuttings and embankments 
required to build the road and draw the contours on these 
cuttings and embankments. In the spaces provided, draw 






INITIALS I SURNAME i DESK ND I MARKS 
·- . -. 
I 
.• ~--------·------- --·-- ·-···--· .. -··-~-· ···-- -· - ........ . .. ·- --- ··--· .. - . - --- :.:-~-· --- --.-.. "'"" ·-- -- .. -· . -· 
Given: lnformation -tor a plate cam wlt.h 
roller 
tolloHer 
I 1 • Camsha'ft. diameter 20 mm and 
draHn I 
2. Base circle diameter 40 mm 
J. Roller diameter 20 mm 
4. 0-tfset o'f 1 ine o'f act lon 10 mm 
and draHn 
5. Rot at l'on o'f cam - antlc-lockHlse I 
Motion ln-tormation 
1 • SHM 'from 0 to 80 degrees, 1 Ut 0 
to 40 mm 
2. Dwel 1 'from 80 to 120 degrees 
J. Constant acceleration and 
deceler:ation 'from I I 
120 to 200 degrees, 11ft from 40 t.o 60 
8 
4. Accelerate Hlth SHM 'from 200 to 260 
degrees 
I 
·-tall, 60 to 40 mm 
I 
I 
:5. Constant velocity 260 to JOO 
degrees 
'fal I, 40 t.o 20 mm 
6. Decelerate with SHM JOO t.o J60 
degrees, 
-
'fal 1 20 to 0 mm 
, 
Required! Using the above in-formation, 
draH a 
displacement curve tor the -tol loHer and then 
draH 
.. the outline o'f the cam ln the space provided. 
.. 
360° 
WORK SHEET SCALE 1 1 ESTIMATED ACTUAL INITIALS I SURNAME l 
OESK NO MARKS . 
Question FIVE TIME TIME I I DATE ·I . - -- - -
A P P E N D I X T W 0 
- 2.1 -
A P P E N D I X 2 
2.1 - POPULATION 1 
1983 - REGRESSION EQUATIONS 
JUNE 1983 (N=185) 
1. Using only the UCT spatial battery score as the independent variable, 
y = 23,633 + 0,5554x1 
T Statistic 
bl 8,748 * UCT Spatial battery 
* Significant at 1% level 
r2 = 0,54 
2. Using UCT spatial battery score, Spargo science score, Matriculation 
mathematics, Matriculation aggregate as independent variables, 
* 
y = 7,87 + 0,53x1 - 0,17xz + 0,31x4 
T Statistics 
bl 8,08 * UCT spatial battery 
-0,59 Spargo science test 
-0,25 Matriculation mathematics 
2,75 * Matriculation aggregate 
Significant at 1% level. Negative coefficients for xz and x3 
imply multicollinearity problems. 
r2 = 0,57 
- 2.2 -
A P P E N D I X 2 
2.2 - POPULATION 1 
1983 - REGRESSION EQUATIONS 
NOVEMBER 1983 (N = 185) 
1. Using only the UCT spatial battery score as the independent variable, 
y = 30,89 + 0,45x1 
T - Statistic 
bl 8,12 * UCT Spatial battery 
* Significant at 1% level 
r2 = 0,52 
2. Using UCT spatial battery score, Spargo science test, Matriculation 
mathematics, Matriculation aggregate as independent variables, 
* 
y = 8,88 + 0,41x1 + 0,4x4 
T - Statistic 
bl 7,27 * UCT spatial battery 
-0,02 Spargo science test 
-0,42 Matriculation mathematics 
4,0 * Matriculation aggregate 
Significant at 1% level. Negative coefficients for x2 and x3 
imply multicollinearity problems. 
r2 = 0,58 
- 2.3 -
A P P E N D I X 2 
2.3 - POPULATION 2 
1984 - REGRESSION EQUATIONS 
JUNE 1984 (N = 232) 
1. Using only the Glasgow spatial battery score as the independent 
variable, 
y = - 2,6 + 1,4x1 
* 
T - Statistic 
12,6 * Glasgow spatial battery 
Significant at 1% level. 
r2 = 0,66 
2. Using Glasgow spatial score, Spargo science test, Matriculation 
mathematics, Matriculation aggregate as independent variables, 
y = -1,78 + 1,34x1 + 0,38x2 - 0,05x3 - 0,66x4 
T Statistic 
bl 11,45 * Glasgow spatial battery 
* 
1,64 Spargo science test 
-0,05 Matriculation mathematics 
-0,56 Matriculation aggregate 
Significant at 1% level. Negative coefficients for x3 and x4 
indicate multicollinearity problems. 
r2 = 0,66 
- 2.4 -
A P P E N D I X 2 
2.4 - POPULATION 2 
1984 - REGRESSION EQUATIONS 
NOVEMBER 1984 
1. Using only the Glasgow spatial battery score as the independent 
variable, 
y = 16,18 + 0,93x1 
T Statistic 
bl 11,06 * Glasgow spatial battery 
* Significant at 1% level 
r2 = 0,6 
2. Using the Glasgow spatial battery score, Spargo science test, 
Matriculation mathematics, Matriculation aggregate as independent 
variables, 
y = 9,32 + 0,89x1 + 0,13x2 
T Statistic 
bl 10, 61 * Glasgow spatial battery 
b2 2,02 Spargo science test 
b3 0,001 Matriculation mathematics 
b4 0 Matriculation aggregate 
* Significant at 1% level. 
r2 = 0,62 
3. Using the Glasgow spatial battery score, Matriculation mathematics, 
Matriculation aggregate and June ME102 as independent variables, 
y = 4,01 + 0,36x1 + 0,12x2 + O,Olx3 + 0,47x4 
T Statistic 
bl 4,42 * Glasgow spatial battery 
2,18 Matriculation mathematics 
0, 17 Matriculation aggregate 
11, 77 * June ME102 
* Significant at 1% level 
r2 = 0,79 
- 2.5 -
A P P E N D I X 2 
2.5 - POPULATION 3 
1985 - REGRESSION EQUATIONS 
JUNE 1985 
1. Using only the Problem-solving/Spatial battery as the independent 
variable, 
y = 49,24 + 0,4x1 
T Statistic 
bl 5,99 * Problem-solving/Spatial battery 
* Significant at 1% level 
r2 = 0,41 
2. Using the Problem-solving/spatial battery, Spargo science test, 
Matriculation mathematics and Matriculation aggregate as independent 
variables, 
y = 33,9 + 0,36x1 + 0,39x2 + 0,68x3 + 0,87x4 
T Statistic 
bl 5,21 * Problem-solving/Spatial battery 
1,35 Spargo science test 
0,57 Matriculation mathematics 
0,57 Matriculation aggregate 
* Significant at 1% level 
r2 = 0,44 
- 2.6 -
A P P E N D I X 2 
2.6 - POPULATION 2 
DET STUDENTS - 1984 REGRESSION EQUATIONS 
JUNE 1984 
1. Using only the Glasgow spatial battery, score as the independent 
variable, 
y = -7,91 + 3,87x1 
T Statistic 
bl 3,87 * Glasgow spatial battery 
* Significant at 5% level 
r2 = 0,695 
2. Using the Glasgow spatial battery score, Spargo science test, 
Matriculation mathematics and Matriculation aggregate as independent 
variables, 
y = -19,78 + 1,43x1 + 0,15x2 + 1,65x3 - 0,17x4 
T Statistic 
b1 3,32 * Glasgow spatial battery 
b2 0,10 Spargo science test 
b3 0,24 Matriculation mathematics 
b4 -0,02 Matriculation aggregate 
* Significant at 0,05 level 
r2 = 0,698 
- 2.7 -
A P P E N D I X 2 
2.7 - POPULATION 2 
DET STUDENTS - 1984 REGRESSION EQUATIONS 
NOVEMBER 1984 
1. Using only the Glasgow spatial battery score as the independent 
variables, 
y = 19,06 + 0,8x1 
T Statistic 
b1 2,57 * Glasgow spatial battery 
* Significant at 5% level 
r2 = 0,45 
2. Using the Glasgow spatial battery, Spargo science test, Matriculation 
mathematics and Matriculation aggregate as independent variables, 
y = -15,7 + x1 - 0,6x2 + 0,09x3 + 0,38x4 
T Statistic 
b1 1,94 Glasgow spatial battery 
b2 -0,7 Spargo science test 
b3 0,23 Matriculation mathematics 
b4 0,9 Matriculation aggregate 
To be significant at 10% level, T statistic 2,0 
r2 = 0,69 
- 2.8 -
A P P E N D I X 2 
2.8 - POPULATION 2 
DIA STUDENTS - 1984 REGRESSION EQUATIONS 
JUNE 1984 
1. Using only the Glasgow spatial battery score as the independent 
variable, 
y = -54,07 + 2,3 x1 
T - Statistic 
bl 3,57 * Glasgow spatial battery 
* Significant at 5% level 
r2 = 0,704 
2. Using the Glasgow spatial battery score, Spargo science test, 
Matriculation mathematics and Matriculation aggregate as independent 
variables, 






T - Statistic 
2,3 * Glasgow spatial battery 
0,08 Spargo science test 
-0,35 Matriculation mathematics 
0,40 Matricultion aggregate 
Significant at 5% level 
r2 = 0,73 
- 2.9 -
A P P E N D I X 2 
2.9 - POPULATION 2 
DIA STUDENTS - 1984 REGRESSION EQUATIONS 
NOVEMBER 1984 
1. Using only the Glasgow spatial battery score as the independent 
variable, 
y = 15 + 0,94x1 
T Statistic 
bl 4,29 * Glasgow spatial battery 
* Significant at 5% level 
r2 = 0,61 
2. Using the Glasgow spatial battery score, Spargo science test, 
Matriculation mathematics and Matriculation aggregate as independent 
variables, 
y = -1,9 + 0,9x1 - 0,4x2 - 0,3x3 + 0,7x4 
T Statistic 
b1 3,34 * Glasgow spatial battery 
b1 -0,58 Spargo science test 
b3 -0,79 Matriculation mathematics 
b4 1,87 Matriculation aggregate 
* Significant at 5% level 
r2 = 0,72 
- 2.10 -
A P P E N D I X 2 
2.10 - POPULATION 2 
ED STUDENTS - 1984 REGRESSION EQUATIONS 
JUNE 1984 
1. Using only the Glasgow spatial battery score as independent variable, 
y = 15,25 + 1,09x1 
T Statistic 
bl 7,41 * Glasgow spatial battery 
* Significant at 5% level 
r2 = 0,487 
2. Using the Glasgow spatial battery, Spargo physical science test, 
Matriculation mathematics and Matriculation aggregate as independent 
variables, 
y = 14,6 + l,Ox1 + 0,28x2 + 0,54x3 - 0,73x4 
T Statistic 
bl 6,75 * Glasgow spatial battery 
1,22 Spargo science test 
0,55 Matriculation mathematics 
-0,62 Matriculation aggregate 
* Significant at 5% level 
r2 = 0,496 
- 2.11 -
A P P E N D I X 2 
2.11 - POPULATION 2 
ED STUDENTS - 1984 REGRESSION EQUATIONS 
NOVEMBER 1984 
1. Using only the Glasgow spatial battery score as independent variable, 
y = 20,51 + 0,86x1 
T Statistic 
bl 8,29 * Glasgow spatial battery 
* Significant at 5% level 
r 2 = 0 52 , 
2. Using the Glasgow spatial battery and Matriculation mathematics as 
independent variables, 
y = 13,8 + 0,83x1 + 0,13x2 
T Statistic 
bl 7,97 * Glasgow spatial battery 
b2 2,27 * Matriculation mathematics 
* Significant at 5% level 
r2 = 0,54 
3. Using the Glasgow spatial battery, Matriculation mathematics and 
Matriculation aggregate as independent variables, 
y = 15,4 + 0,8x1 + O,lx2 - 0,05 x3 
T - Statistic 
bl 7,97 * Glasgow spatial battery 
b2 2,25 * Matriculation mathematics 
* 
-0,6 Matriculation aggregate 
Significant at 5% level 
r2 = 0,54 
- 1 MAY 1086 
